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NEW INSTRUMENT MAN RECEIVING INSTRUCTION FROM INSTRUMENT FOREMAN AT 
FIRESTONE TIRE & RUBBER CO., AKRON, OHIO See article on page 25 
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CALIBRATION RESPONSIVENESS 


The ability to register accurately The time it takes to record a 


at all points on the chart scale. A | temperature variation. A Foxboro 
Foxboro Thermometer hits the | Thermometer is faster than any 
bullseye every time. process change. 








If we said that for all around excellence the Foxboro Recording 
Thermometer had no superior, you might feel that we were 
exaggerating. But if you made the tests yourself—i.e., careful 
comparative tests for calibration accuracy, responsiveness and 
sensitivity, using a Foxboro Recording Thermometer as the in- 
strument to be compared—we, for one, would be satisfied. 
We shall be glad to send a copy of our latest Recording 


Thermometer Bulletin. 
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SENSITIVITY 


Capacity for being affected by 
minute temperature variations— 
regardless of time. A Foxboro 
Thermometer is sensitive to the 
slightest variation. 








[COMPARE THE NEW FOXBORO RECORDING THERMOMETER 
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A COMPLETE LINE 
of Medium-Sized Instruments 


When your switchboard space is limited, but 


et, where high-quality instruments are required, 
= specify Westinghouse type D. These 4-inch in- 
S77 
ZH struments bring to the class of medium-sized 
round instruments the same high qualities of 
—_—+ high accuracy, long life, and ease of reading 
=—— that so distinctly mark the large Westinghouse 
square-type instruments. 
Made in both projection and flush-mounting 
; designs, a-c. or d-c., in all required ratings, 
d by these 4-inch instruments combine all of the 
nr many instrument advantages which Westing- 
boro house has pioneered, developed, and proved 
. the since 1888. 


For more detailed information about Westinghouse 





type Dinstruments, just ask for a copy of C.S. 43-320. 


Type D instruments are ideal for speeding up pro- 
duction testing operations. All ratings can be sup- 
plied with knife-edge and limit pointers for use as 
production testing standards. The limit pointers 
can be manually adjusted from the front of the in- 
strument to show maximum and minimum limits 
for any part of the scale. These pointers allow easy 
reading without calculating scale divisions. 

In case extremely accurate test data is desired, 
the knife-edge pointer assures precision reading. 
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FLUSH MOUNTING PROJECTION MOUNTING 
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Type DX, d-c. instruments are available in single and 
dcshdowends milliammeters, self-contained and shunt-type 
ammeters, microammeters, single-range and moulti-range 
voltmeters, millivoltmeters, self contained and _ external 
thermo-couple radio-frequency ammeters, and Rectox volt- 
meters and milliammeters. 


Type DY, a-c. instru-e Type DY-2 instru- 
ments are available as Bia 4 4 are alternating- tenn 
single and polyphase current ammeters and 
wattmeters, single and voltmeters which ma 
polyphase power factor be obtained either self- 
meters, and frequency contained or for use with 
meters, instrument transformers. 
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The Heart of the Taylor “Ful 
Controller. (Left) The red gra 
dial indicates the sensitivity s 
A simple screw-driver adjustnx 
the dial obtains the character . 
control desired—throttling, or o 
off action. Its full range cover 
tremely high to very low sens 
values. You can see how settin; 
different operating conditions ca 
noted and duplicated at any time. ‘I 
Adjuster is in all “Fulscope” Contr: 
whether for regulating temper 
pressure, rate of flow or liquid | 





From instrument case to the smallest scre 


Taylor“ Fuiscope” (above) is a superior 
ment in materials, workmanship, adapt 
and simplicity of operation and a Thu 
Its performance can be perfectly balanc: 


practically any operating conditu 
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[eves greater preasion 


in regulating Temperature, 


Pressure and Flow 


Taylor ‘‘Fulscope’’ Controller with its exclusive, 
patented ‘Universal Sensitivity Adjuster”’ assures 
an adaptability to your needs and a smoothness 
of control that have not been possible before 
in a single instrument 


N the chemical and process industries, 
ipo ers have designated this con- 
troller as “one of the greatest advances 
ever made in control instruments.” Im- 
provements and refinements in design 
and construction enable the Taylor 
“Fulscope” Recording Controller to at- 
tain a new degree of accuracy and 
precision in automatically recording 
and regulating temperature, pressure, 
rate of flow and liquid level under most 
diffeult conditions in processing. 

The heart of the Taylor “Fulscope” 
and the most important thing to you is 
the “Universal Sensitivity Adjuster.” 
With the turn of an ordinary screw- 
driver, this control can be balanced 
perfectly to give “throttling” control 
of any industrial process. 

For the first time in any controller 
you have an easy, quick way for even 
an unskilled operator to obtain the pre- 
cise degree of control needed—the one 
best sensitivity for a control application. 





NOTE: When there are load changes and 
the sensitivity is such that change in con- 
trol pointoccursand precision valveaction 
is required, the Taylor “Dubl-Response” 
Controller should be used in conjunction 
with the Taylor “Fulscope’’ Controller. 
For detailed information on this Control 
System, write for Catalog 37R. 











The Sensitivity Adjuster, shown in 
the picture, supplies a full range of sen- 
sitivity positions from high to low limits. 
It provides quick, accurate adjustment 
for every time lag... gives highest pos- 
sible sensitivity for a particular need 
without valve “hunting.” 

RESULTS: A precision in control 
more accurate than was possible before; 
an adaptability in use that makes the 
Taylor “Fulscope” Balanced Control 
the one regulator for innumerable jobs 
under almost any condition of operation. 
This control meets the modern challenge 
for a more trustworthy and dependable 
type of instrument. It gives assurance 
in its very operation of its adaptability 
to tomorrow’s requirements as well as 


today’s needs. 


NOTE THESE ADDITIONAL FEATURES 


EASIER, MORE ACCURATE setting 
point adjustment. Easier calibration. 
DIRECT TO REVERSE ACTION is 
obtained easily and quickly without need 
of extra parts. 

FULL LENGTH STAINLESS STEEL 
(18-8) FLEXIBLE PEN ARM. “Feather 
touch” of pen point insured across entire 
chart radius. Reduction in pen point 


friction assures greater accuracy. 
PRACTICALLY FRICTIONLESS MECH- 
ANISM. Improved and lighter leverage 





system. Essentially frictionless bearings 
No sacrifice of durability or long life 
TUBE SYSTEMS ARE EASILY RE 
PLACED on the job by the operator. 
NEW DIE-CAST ALUMINUM CASE is 
rust-, dust-, and fume-proof. Types 
for face-mounting or flush-mounting. 
Dull black finish, or white. In design an 
outstanding contribution to the appear- 
ance of any panel board. 

Throughout the process industries the 
Taylor “Fulscope” Controller is effect- 
ing new savings in processing costs and 
in assuring a flow of uniformly processed 
goods. Its economy cannot be measured 
in first cost but in the resulting effi 
ciencies and economies that follow its 
use all the way to the production of the 
finished product. In fact, first cost is 
usually more than paid for in a short 
time. 

The important thing is to see just 
how and where you can make use of the 
Taylor “Fulscope.” A Tay lor Represen 
tative will be glad to discuss that with 
you at any time. Write for Catalog 56R, 
which describes in much more detail the 
operation of this balanced control sys- 
tem. For it and for a talk with a Taylor 
Representative, address Taylor Instru- 
ment Companies, Rochester, N. Y., or 
Toronto, Canada. Manufacturers in 
Great Britain— Short & Mason, Ltd., 


London, England. 








indicating Recording Controlling 


TEMPERATURE, PRESSURE and 
FLOW INSTRUMENTS 
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OUTSTANDING PERFORMANCE WITH SIMPLICITY 
























































EDITORIAL COMMENT 





In This Issue 


For years it has been no secret that 
the success of the Plant Instrument De 
partment at Firestone has been due in 
large measure to the invariably high 
quality of its personnel—from the newest 
member (such as the young man in this 
month’s front-cover photograph) to the 
department head. But what is the secret 
of such consistently high quality? No 
less an authority than the department 
head gives the answer: proper selection 
and careful training, with emphasis on 
training in teamwork between the de 
partment and each of its “customers.” 

Modest and fair-minded, G. P. Bosom 
worth mentions the training that large 


instrument firms are equipped to give 


to instrumenticians in the employ of 


various industries. On this subject we 
hope soon to publish details which every 
Instruments subscriber, whether high ex 
ecutive or junior technician, will find 
profitable. Meanwhile, a foretaste is af 
forded by the photographs on pages 286 


ind 287 


\ coincidence. The second article is 
by G. P. Bosomworth’s own predecessor, 
Roy W Brown, who discussed “The 
Plant Instrument Department” in our 
February 1932 issue. Old subscribers will 
remember also his ground-breaking arti 
cle on “The Solenoid Accelerometer” in 
our April 1929 issue—which date indi 
cates how long he has been developing 


“Riding Comfort Instruments.” 


Another coincidence. The next three 
articles discuss three branches of Instru 
mentation still in their infancy: “fre 
quency” telemetering systems (the twen 
ty-third instalment of the electrical 
measurement series based on Perry 
Borden’s experience), cathode-ray focus 
ing (described by Ralph Batcher), and 
that amazing new analytical method 
known as X-ray diffraction (reported by 


Herbert Isenburger). 


\ record. More new instruments are 
described than in any previous issue of 
this magazine—or of any other, of course, 
since none covers this field as thoroughly. 
By the way, are you among the readers 
who have noticed how our “New Instru 
ments” Department, which began in Jan 


uary 1928, has been imitated? 
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Tell It! 


OU may not realize it, but in the cours: 
work you probably have achieved a tri 
Instrumentation which technicians in your 
or in others would find stimulating. 
Why not write an article for Jnstruments? 
Some of our most informative articles had to b 
out of modest engineers or research workers, w! 
when convinced that they had a good story to t 
to beg off on the grounds that they lacked the t 
of presentation. If that’s what holds you back, ren 
that the matter is more important than the manne: 
it as you would tell it. If you must have a formula 
is an extract from a letter to a bashful plant en 
(1) Describe the process; (2) state the elements of the contro! 
(3) describe the means adopted; (4) critically evaluate the perfo: 


such means; (5) report the results obtained, and (6) suggest possible futur 
improvements both in the controlled process and in the process con 





But perhaps your specialty is not automatic conti 
to the technique of writing a measurement article, | 
are extracts from another letter to a “should-be” auth 


Discuss every method of measuring the moisture content of vari N 
and inorganic materials. List the materials, so that one reader inte st 
foundry sands, and another who manufactures impregnated textile - 
will each feel that the article was written for his benefit. Next, list 
pling methods and the continuous-measurement methods, with th poretaem 
principles of each, and diagrams. oce 

Then a critical analysis of each method (not of each instrumen su 
ket) with regard to: (a) Attainable sensitivity and accuracy; (b) R , rither th 
whether best for high, low or medium percents of moisture; (c) \ e in 
of moisture are measured, i. e., free, cellular, etc.; (d) Time requir sine 
Possibility or impracticability of automatic measurement and o ntir Ea L 
measurement; (f) Practicability of automatic control based on suc! inst 
(g) Suitability for plant or restriction to scientific laboratory; (h) De] equipme) 
on auxiliary power, and results of failure or interruption of po niv knoe 

and other factors that occur to you, such as whether the instru BE ninme 
ploying the particular principle are made portable or not. - 

born tha 

Conclude with your personal views on recent progress and futur \ oll 
ments. pial 

lati 

here are other kinds of articles, among then “ 

: : : ; nf 

about the instrumentation of an entire department, 2 
or even industry. If that’s the kind of story you | enaiaal 
tap, turn it on by all means! strume 

What’s the proper length? Lincoln said: ‘\ pte 

) 3 : : no 
aren t too long—they reach exactly from my bod\ mp 
ground.” Some phenomena or results take hundreds 0! stramen 
words to describe; others are best told graphic I | ap) 
you can write a book, we may print it serially; men 

iX¢ 


have one brief description or comment or narrati\ a 
it up on one sheet! fact: 







Forget grammar and style: write as you would 1 r} 
leave the rest to your editor. | : 
One thing we seldom can supply is illustrations > ati 3 
in lots of them. Irs, 
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i aintenance Men 
l 
LAs " 
h G. P. BOSOMWORTH 
uthor In Charge of 
mae press years, in ENGINEERING LABORATORIES as to whether the processing 
struments in the plant equipment can continue to op 
were maintained by Firestone Tire & Rubber Company erate, or whether it must remain 
workmen aS a side line to some Akron. Ohio idl until the proces Cnyinect 
pier occupation with, as a rule, arrives 
success or satisfaction to One must recognize that the 
rither the user of the instrument adoption of many of the thought 
or the instrument manufacturer. It is now generally rec expressed in this article will depend upon the facilit 
tit ygnized that any plant of appreciable size should have available. ‘To the writer, the most suitable arrangement 
Instrument Department. Efficient use of instrument for plant instrumentation would be for it to be under 
iipment requires intelligent servicing by men who not the control of an Instrument Department. The Depart 
only know instruments but also understand the process ment Head should be a man who has been trained in 
equipment on which they are placed. Such men are not instrument engineering and has a broad knowledge of 
born that way, they must be trained. mechanical and electrical work; he should be directly 
A plant instrument man is one who is engaged in the responsible to the Chief Engineer of the entire plant 
stallation and maintenance of devices of measurement or to whichever official is in charge of all engineering 
thos nd control. He is not to be confused with (a) the in functions. The departmental organization should includ 


ment engineer responsible for the specifying and drafting, machine shop, testing, installation and main 


purchase of new equipment, or with (b) the designer 
ponsible for the construction of highly specialized 
struments for a limited field, which are not commer 
ly available. His position is important however, in 
tno matter how good the intentions of either of these 
‘0 groups may be, the success attending the use of in 
‘raments depends in no small degree upon the skill 
‘pplication of the plant instrument man. An in 
ment man is in the fortunate position that he has 
ixe to grind” in the plant. His aim should be the 
iracy of instruments and data. It is an established 


+ +] j; a 2 
that in the modern factory of today process ma 


nery is largely in the hands of semi-skilled workmen 


) depend on instruments for information and for 
itrol of the product, so that an error in these instru 
nts can be both hazardous and costly. When trouble 


\R ie 


instrument man in many cases will find that 
ind experience will be the determining factors 





tenance facilities. With this arrangement, more tists 


tory pr rformance of instruments can be obtained il 


bration (see Fig. 1) of all types of industrial in 
ments used in the particular plants becomes pos 
even modifications of existing instruments can be mad 
should the need suddenly arise, and the many [vp rf 
work performed will all be recognized by other Depart 
ments as accurate. 
Many plants will not be able to provide suc! 

ities for instrument work. However, some definite plan 
should be evolved to specify adequately for pure 
and arrange for maintenance of instruments require d 


the process work or by the Power Plant. In thi 


it is suggested that the Plant Engineer be made re pon 
sible for the instrumentation of the plant. He will de 
termine the need for an instrument and through coope: 
ation of instrument companies obtain the most suitabl 


for that purpose. He can broaden his knowledge of the 
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subject by investigating trade literature, and reading 
publications covering the subject of Instrumentation. 
Under the Plant Engineer of even a small plant it is 
recommended that, where possible, 
general training along the lines of maintenance—ceither 
electrical or mechanical—be appointed for instrument 
installation and maintenance. This man could also take 
care of chart changing and record work. The instruc 
tion of such men should be the responsibility of the en 
gineer. Many of the suggestions on training, ete., given 
in the following can be adapted to meet the needs of 
the smal] plant. 


TRAINING 


The number of ready-trained men is small in com 
parison to the need, with the result that it generally 
becomes necessary to develop some instrument men from 
other classes of work. Skilled mechanics, such as pipe 
fitters, electricians, instrument machinists and operating 
“engineers, represent types of occupations from which 


trainees can be obtained. From such groups, men with 





INSTRUMENT MEN RECEIVING INSTRUCTION AT THE FOXBORO CO.’S PLANT 


To the instrument foreman of a steel company, a Foxboro worker 
points out construction details of a Foxboro potentiometer 
recorder. 


the attributes of common sense, versatility, manipulative 
skill, observation, and capacity for logical thought can 
be obtained. When such men are selected, a course of 
training should be given, based on the classes of in 
struments in use. A specific outline of such a course can 
not be given here, as the instruments in use in each 
factory will determine the details. There are, however. 
some fundamentals which should be covered in such a 
course. A brief résumé is given here. 

A period of two or three weeks should be spent in the 
instrument repair shop where the trainee can become 
acquainted with the various items handled. This lessens 
the chance of his becoming a potential risk in the fac 
tory. During this time the man should learn, prefer 
ably from the instrument shop foreman (as shown in 
Fig. 2*) 


use depend for their operation. The general character 


the principles upon which the instruments in 


istics of the class to which the particular instruments 
belong should be understood by the instrument man. In 
obtaining this information from the foreman, respon 
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a mechanic having 








at the same time the foreman can evalu 


sibility for the accuracy is put where E 

































completion of this shop training, time 

in the plant with the instrument forem 

time the man should acquire a knowl: 

of various process machines and their m 
tion. When such knowledge is gained d 

part of the training, the instrument ma 
better position to judge the inter-relation 
processes and later be able to estimate wh 
repair or change in instrument equipmer 
the quality of the process equipment. T! 
trips through the plant should be made w 
ment foreman who should take such a ro 
low the line of production. The relatio: 
instruments and the process should be 

gether with the emergency steps which s| 
if trouble occurs. The commoner causes 
trouble can be explained at this time. The 
then be allowed to work in the plant with 
man, 

4 class of 


in the con 


the proc 
strument 
of the } 
helping 
instrume! 


The m 
upon the 
and the 
should 1 
the man 
mine fut 


recurring 


and to a 
ind reas 
for the 
strume 
n wil 
To a large gas company’s instrument maintenance man, \ eae 
Fitts, Foreman of Foxboro’s Thermometer Div., explains “Ar 
Ambi” Principle. iad 
nd 
on 


Instrument manufacturer’s literature can 
which can be used to supplement the prac! 
given by the foreman. Certain educational 
and manufacturing companies have courses 
men and industrial instrument men. If 5 
are available, the trainee should be advis« 
same. 


INSTALLATION WORK 


The need for any instrument or contro 
understood before it is installed. The instr nt s 
be installed in such a manner as to be ne 
ance, efficient in operation and_ protected 
normal hazards incident to the process. A 
ment installation is more likely to be kept 
dition than one which has been installed in 
manner. Correct operation alone can just 
of the instrument. Satisfactory protection 
maintenance cost. The foregoing should | 
the training of a new man. Information on 
limitations of the instrument or control] sho 





by the instrument foreman or engineer to t! 
foreman. It has been found helpful, if at t 





















4 dass of industrial instrument men studying theory of metering 
in the company’s lecture room at its Cleveland plant. 


the process operator is advised of the use of the in 
strument by the instrument foreman. ‘The codperation 
of the production department should be obtained in 
helping to maintain the external appearance of the 
instruments. 

MAINTENANCE 


The maintenance required by any instrument depends 
upon the design, the treatment it receives in’ servic 
and the quality of the installation work. The traine: 
should learn that when maintenance work is required, 
the manner in which it is executed will largely deter 
mine future performance. He should be trained to note 
reurring troubles on particular instrument applications 
and to advise his foreman or engineer of the frequency 
and reason for their occurrence. It will then be possible 
jor the person responsible for the procurement of the 
istruments to take steps to eliminate trouble in connec 
tion with the instruments in service and to correct the 


an, Walter ‘ : ; . ; 
we specifications for future purchases. Repairs should not 


; 

lains “Ant 
made by an instrument man unless he is aware of 
e conditions which made them necessary. Re pair work 

ine on a trial-and-error basis generally ends as an 


LEFT—The Brown Instrument Co. sent us this photograph with- 
out a caption, but it does not seem to need any! CENTER—The 
Mason-Neilan Co. has recently inaugurated a scheme of “taking 
the school to the students” by means of a traveling educational 
exhibit. RIGHT—The Bausch & Lomb Optical Co. “trains the 
vl men who are to train the instrument men,” as witness this group 

*! instructors and students, the latter including the Chief Chemist 





BAILEY METER COMPANY’S TRAINING OF INSTRUMENT MEN FROM VARIOUS INDUSTRIES 


A prospective industrial instrument man being instructed in the 
water column calibration of a Ledoux bell steam flow mechanism. 


error. The maintenance man should be trained. in 
observation of instrument equipment in service. He w 
often find that a small repair will prevent a complet 


shut-down of the process: a trouble call will often 


received when the instrument is operating correct 
simply to report that the instrument working 
factorily will not help matters Phe instrumen 
should be sufficiently familiar with the pro 

ible to ¢ xplain to thre production d partment that ) 
other part of the machine, or even the material wh \ 
is being processed, is responsible for the trouble i'| 
handling of such situations as. these hy the instrument 
man will be one of the criteria of the suecce that 
been achieved in selecting the correct type of man for 
instrument work. If he has the required observation 
powers and tact, he will be able to handle the matter in 
such a manner that the cooperation of the production 
de partment is secured and thie reby enable them to for 
ward the request for help in another similar case to 
the proper department. Maintenance should not | ' 
lowed to degenerate into a policy ol fix it.” but rather 
should it be constructive in character. The potential 
savings to a plant are greater in the constructive main 





EDUCATIONAL WORK OF THREE OTHER INSTRUMENT COMPANIES 


of Solvay Process Co., the Director of Research of J. T. Baker 
Chemical Co., the Technical Director of E. J. Lavino & Co.; 
other technical bigwigs from Pittsburgh Plate Glass Co., Ham- 
mermill Paper Co., C. K. Williams & Co., Cluett Peabody & Co., 
Borden Milk Products, American Woolen Co., Sherwin Williams 
& Co., General Mills, etc., and also from the Institute of Paper 
Chemistry and the Institute of Paint & Varnish Research. 
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Fig. 3. 


Calibration record form, such as is being shown in use in 
Fig. 1 on page 285. 


tenance of instruments than in the striving for low in 
itial costs in the purchase of new instruments and con 
trol equipment. 


RECORDS AND CHART CHANGING 


It is of value to maintain comprehensive records of 
the performance of instrument equipment. This can be 
in the form of a wall or ledger chart, listing the number 
of departments, the type of instruments and service on 
each. Such 


constructive changes, a guide to new purchases and a 


a centralized record provides a basis for 


comparison of the severity of service on different proc 
esses. The information can be abstracted from work or 
ders filled in by the instrument man at the time of the 
trouble. 

Another form of record can be one which lists indi 
vidual instruments and shows their complete history 
from installation. This will generally be found in prac 
tice on instruments of the meter type and special con 
trol devices. 

A record should be made of every instrument calibra 
tion. (See Fig. 3.) 

Chart changing and filing should be under the care of 
one man who should have knowledge of instrument op 
eration and a capacity for detail work. The mere chang 
ing of charts is not enough: the man should be trained 
to interpret their record and thereby anticipate trouble 
This job is often delegated to a man whose only quali 
fication is low cost, whereas it should be rated as equiva 
lent to that of the best instrument man. His work 
should be carefully done since in the last analysis a 
recorder with a poor chart is worse than none at all. 
Such simple details as pen cleanliness, correct inking 
and correct centering of the chart are of prime impor 
tance. He should establish a definite routine of chart 
changing to avoid overlapping of records on round 
charts and interruptions with strip-chart recorders. The 
filing system should be arranged so that charts from 
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each instrument are in chronological o1 
used charts can become quite a problem : 
and it should be the aim of the instrun 
work out with the production departm: 
ment for disposal of old charts after a r 
In many cases the need for the charts 
the product has left the plant; in some ¢ 
record assumes great importance when 
product is reported to display unforeseen 
It should be evident from this brief Chat 
the instrument man and his duties that | 
this work should be made with due regar. 














ae ; [N¢ 
sibilities placed upon him. 
Magnaflux Fascinates Ford . 

When Henry and Edsel Ford visited the Sx n th 
of the General Electric Co. a few weeks ago, { nlex 
keen interest in the application of the rapid ve 
“iron-filings” method of detecting flaws in iro: =e 
ings, turbine blades, milling machine cutters, uring 
when these are properly magnetized. This met , mech 


history: it seems to have been conceived and uss 
by a German blacksmith several decades a; 


rO 


Major Hoke first made it practical and_ tool 


were SO S' 

{ upol 
f rt. poo! 
scant COT 
maintain 
mechanic 
so chang 
ten years 
problem 


Anum 
motive | 
mittee te 
and to a 
measurit 
mittee h 
sults of 
have ap] 
time to 


“ee So le Journal 
. a ; A Lg ciety.” 
= a Seen In 1S 
® 7 rn, se: reau 
hes omen Roads, 
patent. Professor Alfred V. deForest (member ‘ . ‘7 
Kditorial Advisory Board) developed it for lertook 
practice and became president of the Magnaflux ( survey 
has installed it in numerous plants. The Gener | the eff 
not only became a licensee of this corporation | ie, Ce ad ar 
in charge of magnetic testing at the Schenect det 


C. E. Relyea, his assistant, recently made a fur 
. ° . rreo 
ment when they decided to use, instead of a ma reg 


a solution of fine iron filings in kerosene. Two Coilspr 
Longstreth Medals are being awarded by the | meter. 
tute to Major Hoke and Professor deForest for a 
ment of the Magnaflux Test. - 
lax 
Dr. Charles B. Thwing, president and f mits 
Thwing Instrument Co., Philadelphia, announce tion ar 
the Company will be known as the Thwing-Alb: ° co 
Company. This change is in name only, as ali 
change in ownership, management, policy, or pr ee 
Albert whose name is joined with Dr. Thwi ve 
issociated with this concern for the past 17 y« volve 
ind as secretary of the company. il m 
ve 
_ : vas la 
I'he Rawson Electrical Instrument Co. announ 


ifter December 1, 1935 its factory will be lo 
and Binney streets, Cambridge, Mass. The spa 
be much larger and better adapted to instru 
turing. 





















































Instruments Used to Improve Automotive 
Riding Comfort 


By R. W. BROWN eliminate the errors incident to the natural period of the 
ae : . . spring used to suspend the weight. 
Chairman, Riding Comfort Committee, S.A.E. ' wes seoagoo _— 





Arptanes abso Nave 1dInye oOmror mrovblecms Which 
\irpl lso | Rid ( fort probl hie! 


have been measured by instruments evolved by the Na 


IN( the days of the Roman chariot the effect of tional Advisory Committee for Aeronautics.” These ac 
road irregularities on the human passenger has been celeration measure ments prov ided also information on 
, common topic of conversation. Until the last dec the forces obtaining in the structure while taking off 
or so this discussion was confined largely to express ind landing, as well as when manoeuvering in the ain 


og opinions concerning the composite effect 
yon the passenger of the little-understood 
mplex vibrations which are now known to 
Ir. 
During the first decade of the automotive 
, mechanical imperfections of the vehicles 
were so serious that development efforts were 









bent upon their elimination and Riding Com 
fort, poor though it admittedly was, received 
gant consideration. Good roads, and higher 
maintained speeds with elimination of the 
mechanical difficulties initially encountered, 
s changed the picture that within the last 
ten years or so Riding Comfort has become a 
problem of major importance. 


INSTRUMENT RESEARCH 

Anumber of years ago the Society of Auto 
motive Engineers organized a research com 
mittee to determine underlying fundamentals 
and to assist in the evolution of means of 
measuring Riding Comfort. This com 
mittee has been quite active, and re- 
sults of its work 
have appeared from 
time to time in the 





; the S Fig. 1. The Solenoid Contact Type Accelerometer. tacts in different units open at the value to which 
Journal of the 5o- The actuating element consists of six units with each unit is initially adjusted and operate the high- 
ciety. magnetically suspended weights which normally speed, high-sensitivity contacts in the recording 


In 1924 the Bu- maintain contact closed. When accelerated, the con- instrument. 
reau of Public 
toads, Department 


ae At the time the “balloon” tire first became pop 
| ommerce, un- , 
eeetonsive ular it became essential to substitute actual meas 
at wm « é . . 
aril 46 “measure urement for opinion as to the relative Riding 
the effect, on the 


Comftort merits of the larger size tires. The Fire 





We: stone Tire & Rubber Co. under the author’s dire: 
road and on the ve- . 
| tion deve lope d the Solenoid Contact tvpe Acceler 
licle load, of road ; 1 he 
rregularities. A ometer shown in Fig. 1. This instrume nt count 
Coilspring Acceler- the numb r of ace lerations which exceed a pr 
+ 4s determined, adjustable value; hence at the end of 
meter, consisting | 
t aie : a test run of anv desired length the readings from 
i a weight so . 
. the six counters can be plotted in number of accel 
unted on its ver , 
al erations per mile vs. the value of the acceleration 
calaxis that a stop Ie 
mit in feet per second per second. A number of these 
mits upward mo- 
tion : instruments have been constructed and extensively 
nm and a support- : 
rut ap : i used in researches by motor ear. truck, railway, 
ng coil spring de- 
emi : electric railway, and airplane manufacturers, 
mines downward - 


OoVement, was 7 An instrument to record simult incously icceler 
volved as the in- ations in three planes” has been developed at Pur 
al means of measuring the accelerations resulting from due University by H. M. Jacklin and G. J. Liddel 
tr } . . ry’ . . . , : 
le vehicle wheel passing over road obstructions. ‘This Another three-dimensional recorder of ingenious construc 
Was later replaced with a contact type accelerometer to ; es 
” ‘Flight Research on Maneuver ty t n \ ( 

1! SAE Journal, Vol. 27, Dec. 1930, pages 665-¢ 

‘The latest appeared in August 1935, pages 20-23 1E Jour gent pr eheok Dor ¥ om . 
“u0iic Roads, Oct. 1925, page 165, and July 1926 page 93. Also ‘The Me asurement Of Rid ng SJualities, KO : , 
ener esults of the Cooperative Motor-Truck Impact-Tests. James Vol. 22, June 1928, 636-6 





an & J. W. Reid, SAE Journal, Vol. 18, June 1926, pages 5SRiding Comfort Analysi H. M. Jacklin and G J | I 


neering Bulletin, Purdue Universit Ke rch 
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Fig. 2. Moss Wobblemeter. The person whose fatigue condition it is desired 


dicates that the merits of th 
pendent suspensions were a 

ion rather than a matter of 

ance measurement. With the 

research instruments above 

American manufacturer appr 
dependent suspension problen 
tention of definitely determin 
tages or disadvantages for An 
American roads, of the so call 
type of wheel suspension, ‘J 
improvement in Riding Con 
adoption of independent xs 
America has at least in part | 
determination of engineers 
measurement for opinion whi 


and to invent means for making | 


ESSENTIALS FOR PRACTICAL | 


to measure stands on the platform and the levers are released. Angular devi- 


ation due to weight transfer is recorded in both planes by the counters located After extensive survey and 


to either side of the central pivot. 


tion” has been developed by J. E. 


Institute. 


PSYCHOLOGICAL AND PHYSIOLOGIC 


AL MEASUREMENTS 


the Riding Comfort Research 

the Society of Automotive |] 

arrived at the following charact 

Schrader of Drexel must be met by an instrument adapted 
every-day usage: 

1. The measuring instrument should bi 

the forces which occur between the occupar 


After a knowledge of the vibrations actually occuring seat and the upholstery of the seat. Con 
in the vehicle was obtained it becaine highly desirable might be done by using a dummy observer 
to extend the knowledge of the physical and/or mental a human being in shape and weight distrib 


effects of such vibrations upon the 
passenger. In a brilliant series of 
researches‘ F. A. Moss, George 
Washington University, evolved 
instruments and methods ena 
bling the correlation of mechan 
ical vibrations with their effect 
upon the passenger. Instruments 
for measuring reaction time, vis 
ual acuity, and fatigue, wer 
evolved. The Wobblemeter, Fig. 
2, proved most practical in de 
termining fatigue effects by meas 
uring the transfer of weight from 
foot to foot and from heel to toe 
incident to the effort of standing. 


A practical instrument for 
measuring reaction time and the 
time required to move the foot 
from the accelerometer to the 
brake pedal is shown in Fig. 3. 
This instrument has been used in 
extensive researches to obtain in 
formation relative to Riding Com 
fort; and by the District of 
Columbia Department of Vehicles 
and Traffic to obtain information 
concerning driver characteristics 
essential to safe operation. 

Abroad, independent suspen 
sions in passenger cars have been 
quite common for years. However, 
no one manufacturer adhered for 
any appreciable length of time to 
any specific design. This fact in 


Vil S ne ulty Company Philadel 
pl Pe sylvania 
Bodily Steadiness—A_ Rid Comfort 
Index. I \. Mos SAF Jour \ 
NI RS 
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Fig. 3. Brown Chronoscope. Indicates 
ballistically by the condenser-charge 
method the time required to react 
to the flashing of a neon light. 
Selector switch is provided to 
measure the time required to 
move the foot from the “ac- 
celerator” pedal to the 


“brake” pedal. 






















sort of indicator such as a pneu 
yn between the subject and the 


Th nstrument should make an_ inte 
1 y rd of the accelerating forces and 
ne of application of these forces, 
' ff the static forces. 

i alternate, the instrument should 
val record the total number of times 
rating force exceeds some prede 


ned limit. 


fhe instrument should be adjustable in 
manner that the relative effects of 
oc of different periods and_ intensities 


be taken into account in the system of 
polation, so that finally an integral re 
oath he had which matches the average 
it obtained with a large number of 
servers. 
; The record should be a single integral 
for any given length of road or length 
me. both as to (2) and (3). 
6 The vertical forces on the seat, and the 





Fig. 4. Riding Comfort measuring method by M. L. Fox, General Motors 


Proving Group. Pressure in two inflated air cushions placed between passen 
ger and seat cushion is recorded on the instrument chart. Transparent record 


ing paper is used to facilitate intercomparison of records. 


nitching (or fore and-aft forces) on the back, should b« ’ The instrument. or instruments. must be so di 
corded separately and probably on separate instru signed and constructed as to be capable of calibration 
nts. Transverses forces might be measured, if de interms of known fundamentals. Static calibrations will 
sred. by the same sort of instrument used for the back, be acceptable provided that they are fully substantiated 

but this might require some special type of car seat by investigation of dynamic properties throughout t 

e there is no fixed position in the transverse direc operating range. 

n from which to start. 8. Compact, small-size, light-weight instrumen 1 
desired, suitable for uss Nn tor 
vehicles. Various tvpes, ! «4 
Fig. 5. Chrysler Accelerometer. Actu- trically operate d. should he 3 
ating portion (left) is placed on a able fo operation on 6-volt con 





suitable base, on the seat cushion. 


" vention motor . tery 
After a run of any given length onal motor car ba ry 


the integrated acceleration-time 9. Whenever practicable, prov 
effect is shown by a single sion Should be included for } 
reading on the dial (right). field checking of the zero or othet 


Accelerations in either di- 

rection may be recorded : 
independently. 10. The instrument should pre 
erably hye ot such simple di yn 


known point on the seals 


ind construction as to permit } 
us¢ hy not more than one oper 


itor, in motor car road. servic 


MODERN 





INSTRI 





MEN 


APPLICATIONS 


Despite the comple xifv of the 
problem, divergences of opinion, 
and somewhat difficult essential 
requirements, extensive ipplica 
tion of riding comfort measure 
ment is being made today, i | 
evidenced by the following de 
scriptions of typical instrument 
An inflated cushion to be placed 
between the passenger ind the 
seat cushion was used by M. I 


lox” to measure the rorce 0 
which the passenger is subjected 
The instrument, shown in Fig. 4, 
produces a graphic record, on a 
single, continuous strip of pr 
pared paper ol the pressure in 
the inflated air cushions, thus re 
cording the horizontal, longitu 
dinal, and vertical forces to which 
the passenger is subjected. Sine 


Ge \I 





INSTRUMENTS 
Nov. 1935—Page 291 























































































xs ~, 
yg Pear Seat 
8 = 
P wane front Stat 
2° 
X L ATA 
& rt 
§ P & Iwo Passernge. ad 
5B 2 N Driver a 
> ne Pear 
¢ 
S Ca/.- No.2 
SIs Volts 5.4 
£ 7 Amp 54 
nm 
: & 
3 5 
5 








r 

’ 4 
ZONE t Yy COMIFPOR TIABLEAR/ DIN a ] 
| { g f 4 
OLLLAAZ, DAW rf WLLIMNMILILILLLLL LALA LLL 


Fig. 6. Typical Riding Comfort Measurement Intercomparison, 
as obtained by C. A. Tea with integrating accelerometer. 
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the records are made on transparent paper, direct visual 
intercomparison of records secured under similar test 
conditions but with different equipment is conveniently 
obtained by superposing rec 
ords. 

The labor involved in the 
interpretation of a record coy 
ering any appreciable length 
of travel becomes monumental. 
C. A. Tea” has eliminated this 
serious practical difficulty by 
developing an integrating ac 
celerometer, Fig. 5. The instru 
ment, at the left, is attached to 
a dummy observer simulating 
the average passenger. The ac 
celerations are automatically 
integrated against time and are 
registered incrementally on the 
dial of the instrument shown at 
the right. The actuating ele 
ment is adjustable so that both 
vertical and horizontal accel 
erations can be recorded on successive test runs. Dynamic 
calibration is realized, being accomplished by suspending 
the entire instrument on a long spring and timing the 
resulting vibration when released from any prede 
termined tension. Static calibration may be accom 
plished by adding weight to the inertia element. 
Some typical results secured with this instrument 
are shown in Fig. 6. 


NEW INSTRUMENTS 
One of the difficulties in applying the research 
instruments to practical every-day Riding Comfort 


measurement has been their high cost, complex 
operation and comparatively large size. The author 





Fig. 7. Experimental integrating accelerometer de- 
veloped to indicate practicability of small-size, rug- 
ged low-cost instrument suitable for every-day usage. 





At the National Bureau of Standards. ' 
son has produced in experimental form ; 
riding qualities indicator, Fig. 8. The m: 
ing an inflatable air cushion between the 
the seat cushion is used. Momentary puls 
and from the cushions incident to the acc 
passenger are indicated on the hot-wir 
while the total flow of air is integrated by 
mometer B. In this manner an indicating 
markable sensitivity is available for obser 
sient conditions while at the same time ar 
runs of any specified length is record: 
numerical value. 

With such modern tools as thermionic t 


. (a) Ge 
quency currents, and the marvelous new 
with, an opportunity would appear to by T 
a progressive instrument company to pr 
small-size, low-cost Riding Comfort mea Ir 
ments, thereby making possible their exten ' 
te va 


vear's motor cars will, without doubt, hay 
attuned suspension systems as to necessitate , ctual | 
characteristic measurements. ing 
The extensive instrument development, The 
search instruments and in the more practical 
now being used f{ 





pose, has come 













individual engine: nd guis 

ganizations oth than 4 ccurre 

scientific and cor their p 

strument companies. | vriter The 

svmpathizes with thes frequel 

panies in their r nee | freque: 

undertake costly d ,) change 

(which if they proy line cc 

would add to the p: f ot f the 

instruments) but he comma 

to be a fallacy to estimat moving 

sible production bef definit 

taking an instrument desig reactiO 

the better policy not for 

the decision solely on | scillat 

tific merits of the in velocit 

It is to be hoped that t The 

pearance of simple and low-cos is atter 

instruments will permit the complete substitution of | princty 

ing Comfort measurements for the opinions related 
necessitated by the lack of adequate measuri! the jo 

volved 

it hig 

Fig. 8. Riding Quali- except 
ties Indicator of Na- usted. 
tional Bureau of he cre 
Standards. Cushion the p 
may be placed on seat ma 
or at back. Transient Woulc 
forces are indicated at and v 
A; forces over a test phone 
run are totalized at B. ineteri 
yond | 

(b) ¢ 


is sponsoring the development of an instrument 
which promises, at least in part, to meet such 
objections. This instrument is arranged so that the 
movement of a spring-suspended weight, Fig. 7, is 
totalized on one dial. Since the natural frequency 
of the suspension can be maintained appreciably 
above the highest frequency that occurs on seat 
cushions the unit functions as a true accelerometer. 
Adequate damping is inherent in the design, hence 
errors due to the natural frequency of the suspen 
sion are eliminated. 


9Research Engineering, Chrysler Corporation. 
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Telemetering 
Totalizing 


By PERRY A. BORDEN and M. F. BEHAR 


Member A.I.E.E Editor, Jnstrunients 


Continued 


7. Frequency Class. 
(a) General Characteristics. 


The obvious fact that the frequency of an alternating current is reproduced 
ith unerring precision at all points in a circuit without respect to distance 
yr to line characteristics would make it seem that frequency is the ideal 
vehicle for electrical telemetering. The generation and transmission of defi 
nite variable frequencies are subject, however, to such limitations that in 
actual practice there are few commercially available systems employing vary 
ing frequency as a medium of translation. 


rf 
The frequency systems of telemetering, as here classified, include only 
those in which the transmitting circuit carries a true alternating current, 
substantially sinusoidal, and having a frequency of alternation subject to 
the value of the measured magnitude. Such systems must be carefully dis 
tinguished from those whose operation is dependent on the frequency of 
ccurrence of discrete electrical impulses, which systems will be discussed in 
their proper classifications. 

The primary requirement of a telemetering system operating upon the 
frequency principle is that there be a source of alternating current whose 
frequency of alternation may readily be varied in definite relationship to 
-hanges in the measuring element, and that this frequency be unaffected by 


Vile 


line conditions and not attended by prohibitive changes in the value 


of the transmitted voltage. In order that the measuring element be given 
command of the frequency, it is essential that there be associated with its 
moving part some means whereby the frequency of an a-c. source may be 
definitely controlled, and that this result be attained without objectionable 
reactions on the measuring unit. Outside of a few special instances, this was 
not found practicable until the advent of the thermionic tube as used in the 
oscillating circuit; and, with the possible exception of the telemetering of 
velocities, the few practicable systems now in use employ this principle. 
The transmission of definitely varied frequencies over an electrical circuit 
is attended with certain engineering difficulties which restrict the use of the 
principle for telemetering. Effects of inductance and capacitance are definitely 
related to frequency, and any problems of filtering or balancing essential to 
the joint use of a circuit for communication and telemetering become in 
volved when varying frequencies are used. Since these effects are greatest 
at high frequencies, transmission in the radio band is often impracticable 
except for a single value of frequency for which the circuit is carefully ad 
justed. These facts, coupled with the interference which would obviously 
be created in the use of a wide band, limit the use of radio frequencies in 
the practice of telemetering. Utilization of frequencies in the w ice band 
would prevent the use of the transmitting circuits for simultaneous telephony 
and would be likely to introduce “cross talk” troubles in neighboring tele 
phone circuits. With these restrictions the use of varied frequencies for tele 
netering purposes has seldom until recently found practical application be 
yond the power frequency band of (say) 100 or fewer cycles per second 


(b) Generator Types. 

The distinctive feature of the transmitting section of generator types is a 
small alternator, usually driven by a d-c. motor capable of extremely ac 
curate speed regulation. This d-c. motor has its speed governed by the 
primary measuring element (through some relay principle in order not to 
impose a drag on the measuring element). The receiving section may simply 
take the form of an ordinary frequency meter, but when totalization is re 


*Sixteenth chapter (XLIV) of Part Seven (Handbook of Industrial Electrical Measurements 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this series on 
page A7 of November 1933 Instruments, Each chapter is subjected to a final revision shortly 
elore its appearance in this serial form, in order to assure that the subject matter is thoroughly 
Yaa This new book is not published serially in any other periodical. Entire contents copy 











Accurately 
Guide and Regulate 
Process Operations 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, temperature 
and speed. These gages are available with 
any number of pointers and any scale com- 
Actuating 

bells or 


binations from one to twelve. 


mechanisms may be oil-sealed 


diaphragms. 





Multi-Pointer Gage 


Boiler Meters for recording combustion 


conditions and guiding boiler operators. 


Flow Meters for 
indicating, record 
ing and integrating 
the flow of steam, 


water, sewage, air, 
gas and other fluids. 
Recorders for 
temperature, pres 


sure, draft, spec a 





other factors 


and Recorder-Controller 


Granular Material Meters 


for accurately 





measuring 
the flow of coal or other 
granular materials in gray 
ity chutes from overhead 
bunkers. The total quan 
tity of granular material 
is shown on a large illumi- 
nated counter which may 


be easily read at a dis- 





Coal Meter tance of 50 feet. 


Control Systems for combustion, flow. 


pressure, temperature and other factors. 


¢ omple te information on any of the above Bailey 


Products will be gladly furnished upon request 


BAILEY METER 
COMPANY 


1041 Ivanhoe Road ° Cleveland, Ohio 
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"AUTOSYN*“ 


Self-Synchronizing Motor 





As Remote Indicating medi- 
ums in connection with... 


TEMPERATURE... 





PRESSURE... 








And hundreds of applications where 
Remote Indications are desired. 
e Operates 32 volts A.C., 60 cycles, 
single phase ¢ Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 


Pioneer Instrument Company Incorporated 


BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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Omprise a more elaborate 
] 


1 ] 
generator, the currents or the voltag 





1 h nak trntalivating nre ly 
vers [ } ipaD I italization as previously 
ind 7 
\ t t ] ei? y 7 t ] th y T Y 
n earl requ y telemetering installation of the generator 
ittracted much attention because of the exactitude of its tecl ' 
1 1 —_ 
mployed a relay type of measuring instrument which was caus pe 
the speed of a small alternator, the receiving instrument taking Varia 
a recording frequency meter calibrated in terms of the measur — 
istallation was developed with great ingenuity and made 
totalizing and the obtaining of sub-totals at intermediate statio: 
17 
mtrolling the load distribution among individual plants 
] - i. 2 , . ‘ 
Details of a generator type, frequency class, telemetering-a: 


44-22** which shows two 
bottom) the totalizer. The primary measuring elen 


system are brought out clearly in Fig 
and (at the 

1 4 
transmitting section is a wattmeter, but it might be any other kind 
ing element having a deflecting pointer: a contact on the wattm 
with fixed on a motor-driven coaxial] 
element; this follow-up operates a stepless variable resistor; tl 
vovVverns the speed ot a d cj 


cooperates two contacts 
motor which drives an alternator; 
‘rated frequency therefore is representative of the wattmeter ri 
frequency is transmitted over a special pilot wire to the rec 


Wattmeter 
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Fig 44-22 


ves a small synchronous motor which drives a d« 


the field be kept constant, will b 


where it dri 
The voltage of this generator, if 
proportional to the transmitted frequency and hence definitely rel 
reading of the primary measuring element in the transmitter. A 


such receiving sections—if located in one central station—may be scl 
easily and conveniently for totalizing their voltages. is a 
(c) Oscillating-circuit Types. part 

The distinctive feature of the transmitting section of oscillati ing 


types is a small variable capacitor, which as a rule is directly actuat 
“pointer” or moving part of the primary measuring element (w! 
variable resistor in generator types is operated through a servo-mot 
variable capacitor, when associated with suitable fixed-characterist1 
of a network, may be made to regulate with high accuracy the chat 
frequency thereof. Moreover, the only moving parts may be m 
light and exerting practically no reaction on the pointer of the prin 
uring element. Finally, the measuring range of the telemetering system (t 
for which the receiving instrument is calibrated) may be made to 
desired portion of the total measuring range of the primary measuri 
as will be appreciated when one remembers that “ultra-mi 


11B. H, 


Smith. Regulation of Frequency for Measurement Purposes. Transact 
Vol. 40, 1921, pages 425-438. 
12Henney. Electron Tubes in Industry. First edition, 1934. McGraw-Hill, New 
218-221 
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vents (such as dilatometers sensitive to a millionth of an inch dis 
ent) employ the variable-capacitor principle. However, as was pointed 
nut above, the frequency of the circuit comprising such a variable capacitor 
being in the radio band, such a circuit cannot conveniently be used as the 
telemetering circuit, and therefore it is coupled to other circuits in order that 
the transmitted frequency lie within a more suitable band. 
A system of telemetering developed by the General Electric Company 
. few years ago’* embodies a combination of oscillating circuits, shown | 
diagrammatically in Fig. 44-23. The principle of the transmitter is that of 
U electrical tuning, a small variable condenser attached to the primary measur 
ing element forming part of a radio-frequency circuit. The output of the 
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- 2 ly ana properly solved DY the 
- application of FRIEZ_ instru 
: ments for automatic control, in 
dicatior r recording of Hu 
Lesh feng * Reine midity or Temperature. 
cl, Cartan Covent A typical example is the FRIEZ 
ro received Frequency er oa Pr ak lit HU MIDI ethan 
2 fects endl ampiifie {UMIDISTAT now fr ynized 
Fig. 44-24 | 1s pre-eminent in its tela. 
| This instrument far r 
variable-frequency oscillator is combined with that of a fixed-frequency sitive, accurat nd reliak 
oscillator also at the transmitting point; and the resultant beat frequency than other types, and employ 
is applied to the interconnecting circuit of the telemetering system. This the FRIEZ patented human hair 
makes available a commercial frequency subject to delicate control by moving element. Standard equipn 
parts exerting practically no reaction on the measuring element. The receiv with most leading builders of 
ing instrument may take the form of any one of a number of frequency air conditioning equipment 
meter types, having a scale graduated to correspond to units measured by FRIEZ HUMII ISTATS w rv 
the transmitter. The method is adaptable to use with carrier waves. Pro- | you well, 
This visions are made for totalizing, and also for the telemetering of a number of Write to THE MAKERS OF 
different magnitudes over a single interconnecting circuit. AMERICA'S WEATHER IN 
Carrier-current transmission of beat frequency is illustrated in Fig. 44-24" CTRTIMIEIUTS few nterectine 
which represents two oscillating-circuit type telemetering systems and a literature. 
totalizer. In each telemetering system the primary measuring element of the 
that transmitting section is a wattmeter (as in Fig. 44-22) to which is attached a amcindisedalccdicitiliuelien : 
small variable capacitor whereby the beat frequency is made to be propor- JULIEN P. FRIEZ & SONS, Inc. 
tional to the transmitter wattmeter reading. The beat frequency modulates BALTIMORE. MARYLAND 
a carrier wave. At the receiving section the carrier is detected and the A Subsidiary of the Bendix Aviation Corporation 
demodulated beat frequency is amplified and connected to a tube frequency 
indicating circuit which furnishes a direct current exactly proportional to 








, : Linder, Rex, Stewart & Fitzgerald. Telemetering. Transactions A.I.E.E., Vol. 48, 1929, Be ee ee 
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MAKE YOUR JOB SECURE! 


A man had a gadget—a 
practical invention—which he 
was trying to market. He had 
no money and his invention 
was dragging him to the poor- 
house. 

A friend advised him to 
stop trying to sell his inven- 
tion, and use it instead as an 
entry toward getting a job. 

“But they will steal my in- 
vention!” 

“No,” quietly remarked his 
friend, “the time for making 
money out of a single inven- 
tion has passed forever. Lead- 
ers of industry realize that 
what keeps modern business 
going is the stream of ideas 

this is, continuous invention. Try 
to use your invention as a proof of 
your ability, and demand a job 
not royalties.” 

After a fight with himself, the in- 
ventor finally took his friend’s advice. 
One manufacturer declared that he 
had no opening, but after examining 
the invention, he said: “I would 
rather have you than your gadget. I 
have very few men of your ability in 
my plant.” Later the inventor became 
Development Engineer with this 
manutacturer. 

If you display ability to produce 
ideas continuously, your job is as se- 
cure as the Rock of Gibraltar. 
produced 
have 


If vou have even a 
single technical idea, already 
displayed the possession of some inventive 
ability. By proper training, you can learn, 
as many have already done, how to pro- 
duce ideas continuously and your employer 
will not let you go. Your pay will steadily 
increase, and your financial problems, such 
as buying a new car, paying off your home, 
giving fineries to vour wife, and sending 
your children to college, will be solved. 

Our home study course in the Theory 
and Technique of Inventive Practice offers 
this unique opportunity for training. Your 
seemingly small ability can be greatly in- 
into a steady flow of practical 
ideas. The course is an experiment no 
longer—it is a guaranteed training. No 
course on the market offers a similar op- 
portunity. 

Write for particulars today. 


ever 
you 


cre ased 


Trofimov School of Inveative Practice, Inc. 
3859 Northampton Road 

Cleveland Heights, Ohio 

Gentlemen: 


Without charge or obligation, please send 


me full particulars of your course. 


Signed 


Address 
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the beat frequency. Thus a simple ammeter may be calibrated ; 
units as appear on the scale of the primary measuring element; an 
the readings of several receivers at a central station is simply 

measuring the sum of the currents of the individual receive: 
comparing Fig. 44-24 with Fig. 44-22 that the need of a specia 
is done away with. 

The principle of the oscillating circuit has been ingeniously 
the Pittsburgh Equitable Meter Co.’s ““Telemco” system, Fig. 44 
while for a detailed description it will be necessary to refer to lit 
the radio field’*, a number of outstanding features may be menti 
A thermionic oscillator is used as a source of variable frequency, thi 
being introduced by a small condenser mechanically coupled to tl 
element of the primary measuring unit. The frequency range is 
between 35.75 and 60 cycles, tuning of a circuit for frequencies i1 
with an air condenser being made possible by a transformer interpos: 
the oscillating circuit and the condenser, thus giving the effect of a 


Transmitting 
unit 











oa) a 

[naicafor 

Oscillato Telephone Amplifier Frequency Power 
Line Meter Supply 


capacitance. Power for the oscillator is supplied from the receiving . 
the transmitting line, so that the line potential consists of the vari 
quency arc. signal superimposed on the d-c. power supply. 

The receiving instrument takes the form of a suppressed-zero direct 
milliammeter connected in an electron-tube circuit in which the current 
is made proportional to the frequency. This type of frequency met 
affected by voltage changes within the operating range, and its calibrati 
independent of tube characteristics. The system, while designed prin 
a pressure indicator or flow meter, to be actuated by a mercury manometer 
of course capable of wide application according to the type of primary 
used. 

(d) Miscellaneous Types. 
Use of Audio Frequencies. 

In the foregoing, it has been obvious that the final reading obtained at 
receiver (or at the totalizer of a plurality of systems) is visual: a pointer 
traveling over a scale, a chart record being made or a register advan 
crementally. Mention was made of the disadvantage of employing freque: 
in the audible range, which cause “cross-talk” troubles when teleph 
are used. We must not, however, overlook the fact that in some cases, m 
employing audible frequencies may have their uses as well. 

Such methods may be divided into two broad groups: 

(1) Transmitting continuously a frequency linearly proportional to t] 
ured magnitudes. The “receiver” may consist of a telephone headset or 
speaker; but such a device not being a true telemetering receivi 
(capable of reproducing a measurement) it must be supplemented 


(a) a human listener or (b) an audio-frequency measuring instrum: Few 
human beings possess what musicians and psychologists call “absolut 
so that the listener requires a tuning-fork or other comparison sour I 


method does not seem to have been embodied in any commercially 
telemetering system, though all requisite parts are on the market. 

(2) Transmitting, at intervals, brief “musical notes” of widely 
pitches (frequencies), easily distinguished by the untrained ear. Thes 
make use of the human ear’s extremely wide range of sensitivity: f1 
16,000 cycles per second being its extreme limits. Numerous scheme 
themselves, and nearly all parts are commercially available, but th 
ample of which the authors have seen a full report*® is that develo, 
years ago in the laboratories of the General Electric Co. for trans! 





“observing” the readings of watthour meters at a distance, employins rou] TA 
of transmitting frequencies selected by the meter whose registrati: 
transmitted. 


Electronics, Vol. 8, Feb. 1935, pages 


14E. G. Watts. Electron Tube Telemetering 
f f Meters. Electrical Engineerin 


15A. S. Fitzgerald. Remote Reading of Watthour 
1931, pages 942-944, } 
U. S. Patent No. 1,889,597. A. S 





Fitzgerald, Nov. 29, 1931. 
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athode-ray Tube Focusing Arrangem« 1ts 


| Cathode-ray O 


ind Its Applicatio1 


A broad beam of cathode rays, no matter how intense, 
avails little for accurate oscillographic work; wherefore 
the problem of focusing has received a great deal of at- 
tention on the part of tube designers. Numerous differ 
ent schemes have been devised and references to them 
ibound in the literature.’ : ; citi 

A number of electrostatic focusing shields and re 
flectors of various shapes were developed by Wehnelt‘ 
and he published the results of several series of experi 
ments. It appears, however, that he performed all his 
tests with cold-cathode tubes. 

Refinements of the Wehnelt principle were made by 
Langmuir and by Coolidge in their developments of 
both cathode-ray tubes (and of X-ray tubes, which pre 
sent a similar focus problem) utilizing a metal cylinder 
surrounding the cathode and coaxial with the tube (the 
so-called We hnelt evlinder ). All of the modern tubes 
still utilize some features of this principle, as for ex 


ample the Dumont “type 548” tube, Fig. 1. 





All plans for focusing must accomplish two things: to 
start the bundle of rays out from the cathode in the 
proper direction, in a small concentrated beam, and sec- 
ondly to supply means to counteract the normal disper 
sion due mainly to the mutual repulsion of the individual 
electrons in the stream, so that the ray arrives at the 
screen in a small, well-defined spot. 

locus efficiency can be defined quantitatively by the 
numeric equal to the ratio of the diameter of screen to 
the diameter of the spot. 

It is an important consideration (not always accom- 
plished) that the spot focus with a constant sharpness 
over the whole screen. 

FOCAL ARRANGEMENTS 

It is absolutely necessary that all electrons leave the 
anode orifice in substantially parallel paths. A simple 
computation will disclose the result of a diverging beam, 
as in Fig. 2, in which portions of the beam have an 
angular divergence when they enter the deflection plates. 

'Langmuir. U. S. Patent No. 1219961. Focusing cylinder and screen 

2Van der Bijl. U. S. Patent No. 1565873. Gas pressure effects on 


Tohnson. U. S. Patent No. 1632080. Electron gun 


‘George A new type of hot-cathode oscillograph 1.J.E.E. Journal 
Vol. 48, 1929, pages 534-538 
Wood. The Cathode-ray Oscillograph. Journal Institut. f Electrical 


/ neers, Vol. 63, 1925, pages 1046-1056 
6MacGregor-Morris & Mines. Measurements with the Cathode-ray 


Oscillograph urnal, Institute of Electrical Engineers, Vol. 63, 192 
NeK.1000 
7Wehnelt. Empfindlichkeitssteigerung der Braunschen Rohren. Physi- 
e Zeitschrift, Vol. 6, 1905, pages 732-733 
8Wehnelt. Demonstration der Parabolischen Bahn von Kathoden 
trahler Physikalische Zeitschrift, Vol. 6, 1905, pages 609-611. 
Buscl Ueber die Wirkungsweise der Konzentrierungsspule bei det 
Brannshen Réhre. Archiv fiir Elektrotechnik, Vol. 18, 1927, pages 583 
Bruche, Johannson, Knoll & Ruska. Elektronenmikroskopes. Zcit 
hrift fiir Technical Physik, Vol. 76, 1932, page 704 
1Von Ardenne. Investigations on Gas-filled Cathode-ray Tubes. Pr 
cedinas. Institut f Radio Engineers, Vol. 20, 1932, pages 1310-1323 
12Maloff & Epstein. Theory of Electron Gun. Proceedings, Institute 
Radio Enginecrs, Vol. 22, 1934, pages 1386-1411 


Lanemuir. Electric Discharges in Vacuum and in Gases at Low 
Pressures. Part One. General Electric Review, Vol, 38, Oct. 1935, pages 
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The actual curve of the jet while between | 
a trajectory, a type of parabola, y kL”. 
can be analyzed without mathematics as fol 

Referring to Fig. 2, k represents one port 
ray which must travel through the deflect . 
distance L before it is curved enough to beco 
with the axis. Its final deflection on the ser 
less than that of the normal ray nm by an an 


“ — 
| Fa 























g N\ 
may be approximated by substituting (L | as 
equation (2) on page 213.* Similarly, anoth n the 
of the ray, m, is deflected more than norn oe 
amount found by substituting (.—-L) in ? ial 
formula. It will be seen that a small dispersion \ 9 ah 
between the anode and the deflection plates ectre 
large errors in the final displacement. rhe 

This analysis is given to illustrate the eff = 
adequate focus, rather than to provide a rig e 
termination of the errors that might be found. ‘| tit f gas 
pair of deflection plates is generally close to the anod bh 
but the second pair is farther away, so that a g inge 
dispersion may occur. leper 

FOCUSING (GASEOUS TUBES)“ tabi 
ipon 

The problem of compensating for, or counteracting he dx 
the normal dispersion in a tube depends largely on | lisk § 
degree to which the tube has been exhausted. Ionizat The 
is great when the gas concentration is large, so that lect 
considerable number of positive ions are created by end « 
pact. It is generally stated that these positive ions scree! 
pearing both in the stream of electrons and as a “cloud radia 
around the path, tend to counteract the dispersion d about 
to the mutual repulsion of the electrons. Whatever the by ac 
theory, the action is rather definite and focusing occurs In 
for a given gas density and electron velocity, w t] for | 
electron density has a certain value. This us yr Radi 
quires a careful control of the cathode temper 
that it is a requirement with gas types of tub 
filament rheostat be used. 

The effect of gas-focusing will be discussed on 
nection with a description of the Western Electr 224A 
tube, based on principles outlined by Van der 
his patents.” © This tube, being generally avai 
requiring but few accessories, has received con bi 
attention since its introduction. In this tube an ad nal 


control electrode is provided between the a1 





cathode, as indicated jn Fig. 3. This control, w 
connections, is permanently connected to the 
and consists of a small disk S with a small cent: 


Instruments, August 1935. 

14PDobke. Eine neue B. Rohre Kleiner Strahlgeschwit 
schrift fiir Technical Physik, Vol. 13, 1932, pages 432-43¢ 

15Johnson. The Cathode-ray Oscillograph. Journal, Opt 
America, Vol. 11, 1932, pages 1-27. 

16MacGregor-Morris & Wright. Accuracy of Measuremer 
filled Cathode-ray Tubes. Journal, Institute of Electrical 
71, 1932, pages 57/82 

17Hollmann. Die Braunshen Rodhren bei sehr hoher 
Hochfrequenz Technik und Elektroakustik, Vol. 40, 1932, 
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Fig. 3 


ng. Normally maintained at the potential of the nega 
‘ive end of the filament, it attracts a portion of the posi 
tive ions and prevents them from reaching the filament. 
In the original design the filament was in the shape of 
, loop as previously shown ( Fig. lb of October article) 
but later designs (Type 224c) include a filament having 
the shape of a helix, mounted inside a cylindrical focus 
electrode. 

The size of the hole and the relative spacing of all the 
elements are the control factors for the intensity of the 
ict and the degree of focusing for any particular density 
of gas. It has been stated that several locations are pos 
sible for the electrodes shown in Fig. 3. As in other ar- 
rangements, the path of the electrons leaving the cathode 
depends upon the intensity and direction of the electro 
static fieids in that space. The field in this case depends 
upon the relative polarity of these electrodes. In Vig. 8a 
the best operation is obtained with a negative bias on the 
disk § while in Fig. 3b, a positive bias would be required. 
The actual location was selected which would permit this 
electrode to be permanently connected to the negative 
end of the filament. Dispersion between the anode and 
screen is reduced by the ionization of the gas, producing a 
radial field due to the excess of slow-moving positive ions 
about the path of the electrons. The best focus is obtained 
by accurate adjustment of the filament temperature. 

In several other examples of cathode-ray tubes, as 
for example the Von Ardenne tube, Fig. 4 (General 
Radio Co.), a coaxial cylinder surrounds the cathode 


which is maintained at a negativ potential. If the bias 
ing voltage applied to this evlinder is increased (made 
more negative) the size of the jet will be reduced, and 
fewer electrons are carried in the stream. In gas focused 
tubes it sometimes is found that the gas is partially ab 
sorbed by the electrodes. In this case a less newative bias 
1S needed. In extreme cases a positive bias AN be re 

quired after the tube has been used for a time. The 
change in the Shape and diameter of the cathod jet is 
easily noticed, « specially in tubes containing considerabl 
gas, since the beam is visible by reason of the ionization 
In tubes without this shield the cathode emanation 

conical (diverging) jn shape. With this evlinder present, 
the bundle of rays is cylindrical, or converging, and has 
a diameter dependent upon the biasing potential. Phe 
action is largely independent of gas pressure. In on 
instance this diameter ranged from about two-thirds the 
diameter of the evlinder at a bias of 20 volts positive, 


to about one-sixteenth of that value when a negative bias 
of 40 volts was applied. With any focusing method it is 
necessary to have accurate alignment of all electrodes 


with respect to the axis of the tube. Pig. 5 indicates the 
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corresponding reduction in the anode current, and the 
diameter of the cathode-anode stream, as the cylinder 
bias was increased. The tube had 1100 volts on the anode 
during this test. The poor regulation in the power sup 
ply circuit used affected this curve somewhat, since the 
anode current changed over wide limits and the anode 
potential varied somewhat during the test. This effect is 
present in most oscillographs. 

A line of tubes developed by the Edison Swan Elec 
tric Co., Ltd., operate similarly to the above-mentioned 


Von Ardenne type. 
ELECTROSTATIC FOCUSING 


Prof. R. H. George has investigated and disclosed 
certain requirements for a type of interelectrode focus 
ing,’ elaborating on the earlier systems of Wehnelt, 
Langmuir and others. This principle of electrostatic 
focusing, with electrodes giving fields that simulate 
“electron lenses,” has been applied to many designs of 
cathode-ray tubes in the last few years. It is the intent, 


with such arrangements, to provide a slight convergence 
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of the jet as it leaves these fields so that it strikes the trodes upon the electron stream, or to the 
screen with any desired diameter. Such arrangements of radial forces directed toward the axis p 
do not use gas ionization effects and operate best in focusing action.’® The sketches, Fig. 6, sh ; 
highly exhausted tubes. The correct design of the focus resentative designs of tubes that utilize th rhes 
ing electrodes can be predetermined only when every In Fig. 6a a tube designed by Ressler is shoy 6 nt 
trace of gas is absent. C is an indirectly heated cathode; G is a m ws 
Karly examples of this principle utilized several intensity control electrode; A, is the first ar 
electrodes'” arranged in tandem, upon which a succession cylinder; A. is the second anode, a disk. Th 7 
of voltages, the values of which were found experiment- 
ally, were applied. This action has r cently been studied é b os 
mathematically by a number of investigators and it has — 
been shown that it is possible to design such lenses ac 
‘ curately to obtain any concentration desired. 
ELECTRON OPTICS Ke 
N 
In connection with electron focusing the term “lens” 
is used to denote a portion of space coaxial with the 
electron stream where a symmetrical radial field of a 
definite intensity is applied. If the contours of the elec = 
trodes are such as to produce a field that extends but loc 
a limited distance along the axis (that is— a substan- Fig. 7 
tially radial field) a “thin”? lens results. If the shape a Elects 
and spacing of the electrodes are such that the field is eae 
} . ’ were so chosen that focusing occurs when JJ 2 AX1S 
not entirely radial, a more gradual bending of the rays i Sail ailllll hanes S “atl the electrod angle 
is produced and a “thick” lens is said to be employed. Cee ee Ne ee eee emer C ~ 


ponen 


ment. The supporting rods are not shown. T' 


A single “lens” or several in tandem may be found neces 



































sarv to give the desired concentration. vacuum obtainable is used in this design. pe 
: In Fig. 6b the electron gun of a German tube (AE corda 
described by Bruche is,outlined. An indire: , irticl 

s cathode is enclosed by the cylinder C. A, and J, a count 

, two anodes, which may be held at the same pote: might 

C | while an intermediate cylinder G is held at a Joy slong 
4 Y potential, such as is necessary for focusing movi 
esl iia . “ mately 8% of the anode potential. 01 the 
netic 
t COAXIAL MAGNETIC FOCUSING push 
iX1S, 

One of the earliest focusing methods consists of ind : 

3 strong electromagnet surrounding the tube (or | conti 

, smaller coils spaced at an adjustable interva | - = bund! 

G , ; , , . ; y ve 

system seems to have given way to othe sing elect 

methods lately, because of greater convenie! in th 

nevertheless deserves consideration. The coil usually arral 

! y 4 from 500 to 1500 ampere-turns and is fed from a stead meas 

Ay] | G | A direct current source. For experimental purposes, a { 1 lon 

C 7e winding, such as is used in dynamic loudspeake1 verse 
oo | . r an excellent focusing coil. or 
The the ory behind this effect is interesting and | thic 
a. 7 ici i basic electromagnetic laws. The delineation of t W 
wool } | path of an electron in space is rather difficult with ty Is Us 

| : dimensional sketches, but the principal action magi 

| | lustrated by following the various actions sepa \ is sh 

! | “cathode ray” is a stream of electrons. The coil 

b - ordinarily of circular cross-section, of appre: indic 
ameter and generally divergent. A sharp focu elect 
Fig. 6 beam is necessary only at the point where ente: 
impinges on the screen. In Fig. 7 two views suits 

The electrodes may be combinations of rings, disks of an electron path, (e) leaving the anode o ; = 
with central openings and cylinders, all of which must traversing a magnetic field. Electrons are defl alon 
be coaxial. In the case of cylinders the field between when they move through a field having a trans) mer 
adjacent edges is utilized. ponent so that the central portion of the beat } flor 
An insight into the action of any tube can usually be ing with the magnetic axis, is unaffected. T 
obtained by drawing on paper a cross-sectional view of Two distinct conditions must be considered dir 
all the electrodes, and sketching in an electrostatic field 1) those diverging electrons that do not follow ever 
between them, taking into account the polarities and of the tube have a component of motion tha Any 
values of voltages applied, and the spacing. It is beyond and so move across the longitudinal field and rigi 
the scope of this work to go into further details of pre end of the magnetizing coil the longitudinal flect 
determination of the electrostatic effect of coaxial elec out and a radial component is found. Her the 
to 

SJones and Tasker. A New Cathode-ray Tube. Journal, Optical S 19Fry. Two Problems in the Potential Theory. Amer deff 

f America, Vol. 9, 1923, pages 471-48 fonthiy, Vol. 39, 1932, 1 199. >¢ 
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trons not on the exact magnetic axis are affected by 
il field, no matter whether they are moving along 


he r 

verging, parallel or converging paths. As will be shown 
‘hese. conditions produce opposite effects, although the 
frst is usually the most important. It is analyzed as fol 
ows: Consider a longitudinal field only, such as might 


he found in the center of a long solenoid uniformly 
and placed around the cathode-ray tube, Vig. 8. 




















Electrons leaving the anode orifice either move along the 
axis of the tube or along some diverging path at a slight 
angle from this direction. Considering the radial com 
ponent of motion of the diverging electron, and assum 
ing a magnetic field directed toward the screen, in ac 
cordance with the usual rules (as in Fig. 3 of the July 
article) the electron is given a spiral movement in a 
counter-clockwise direction. The bundle of rays then 
might be considered as a single-file of electrons moving 
along the magnetic axis, surrounded by a cloud of others 
moving in helical or spiral paths. The latter, by reason 
of the circular component of their motion, cut the mag 
netic field in a tangential direction, thereby receive a 
push toward the axis, and eventually pass through the 
axis, subsequently diverging in the opposite direction 
and again becoming focused farther along if the field is 
continuous. In Fig. 8 the dotted lines represent the 
bundle of rays, within which the spiral path of one 
electron is shown. The distinct anodes which are drawn 
in the figure can be demonstrated in practice with this 
arrangement. Except for special studies (such as the 
measurement of e/m) this system in which a field from 
a long solenoid is used, is not of much value since trans 
verse deflections introduced by the usual deflection plates 
or coils cannot be applied. This principle simulates a 
“thick” optical lens. 

With short solenoids a parallel and more intense field 
is used but the effect is similar. That portion of the 
magnetic field which is parallel with the axis of the tube 
is short, and the radial field occurring at the ends of the 
coil is the more effective. In Fig. 7b the curved arrows 
indicate the flux from the coil c. At such a position any 
electron traveling in any path not on the magnetic axis 
enters the field which has a radial component. This re 
sults in an additional movement of the electron along a 
circular path which, combined with the initial movement 
along the axis toward the screen, produces a_ spiral 
movement—which this time is in a clockwise direction 
for the assumed magnetic polarity. 

This alone will not cause the electron to take a new 
direction either toward or away from the axis. How 
ever, the spiral motion of the electron is now effective. 
Any time an electron cuts through a magnetic field at 
right angles to its motion, it is given an additional de 
flection along the third direction in space. In this case 
the circular component of motion permits the electron 
to cut the longitudinal field, and to receive an additional 
deflection in a radial direction away from the tube axis 


(with the conditions assumed in Fig. 7 


[his is seen 0 


be opposite to that required for focusing 

Thus the whole effect of an clectron taking a diverg 
ing path at some small angle to the axis of the tube is 
this: while still inside the coil where the flux is parallel 
with the axis of the tube, the electron follows a spiral 
path which converges toward the axis. As it leaves the 
coil the flux has a radial component and the path tends 
to become a diverging spiral. ‘The ultimate direction 
therefore depends upon the shape of the coil, among 
other factors. If the diverging force is the most effective 
the relative directions can be reversed by changing the 
polarity of the coil. 

The portion of the beam that diverges the greatest 
amount receives the greatest restoring effect so that a 
sharp focus is possible if the field is correctly polarized 
and accurately adjusted. The arrangement (utilizing the 
radial field) simulates a “thin” optical lens, 

In practice the beam is reduced only slightly while 
influenced by the field but since the rays travel in 
straight lines, they concerge at a point farther along, 
which may be made to coincide with the screen 

A disadvantage that is inherent with any of these 
systems of focusing is that the stream of cathode rays is 
forced along a spiral path so that although it may ar 
rive at the screen sharply focused at some central point, 
when deflected the axes are no longer perpe ndicular to 
the deflection plates or even perpendicular to each other 

A simple demonstration of this effect after Fleming 
utilizes the laboratory cathode ray demonstration tube, 




















wherein a Shadow of a cross is thrown on the fluorescent 


glass walls by a metal screen. Fleming adds a larg 


coaxial electromagnet, surrounding the tube as shown in 
Fig. 9, and having a strength of one or two thousand 
ampere-turns. The normal shape of the shadow, N, is 
changed to that of M when the field is ipplied Thi 
focusing effect is illustrated by the fact that the size of 
the shadow is decreased as the field is increased, and for 
very strong fields becomes almost a point. 

While it is not difficult to delineate the axes by suc 
cessively removing each deflecting potential, the problem 
is complicated by the difficulty of accurat ly reading the 
diagrams and making the computations from them. In 


(Continued on page 303) 
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Recent X-Ray Diffraction Progres 





By HERBERT R. ISENBURGER 


St. John X-Ray Service, Inc., Long Island City, N. Y. 


TEADY increase in new applications of X ray dif 


“sg fraction analyses has followed the development of 
suitable methods and instruments wherewith the 


results striven for could be obtained. The importance 
which this new research tool has gained during recent 
years is reflected in the amount of literature published 
on its applications. In the English language, at least two 
important books’* appeared last year and two revised 
editions”” became necessary. Although we have a tre- 
mendous amount of knowledge collected by now, there 
is still lacking a desirable 
clarification of many funda 
mental problems. Neverthe 









less, progress is noticeable 
even in this direction, and 
with more extensive know] 
edge and more suitable 
equipment available, exist 
ing gaps will soon be 
bridged and more adequate 
theories will form the basis 
for our work. 

While the necessity of 
employing various X-radia 
tions from different target 
materials for solving diffrac 
tion problems was _ first 
recognized and utilized in 
Kurope, this practice has 
found wider use in this coun 
try during recent years. 
Standard practice needs to 
be established for tungsten, 
molydenum, copper, cobalt 
and iron radiation. Some 
confusion still remains, and 
is aggravated by reason of Fig. 1 
the fact that the results are 
apt to differ with the various wave lengths of the utilized 
radiation. A considerable amount of fundamental re 
search along these lines can clarify the situation and open 
the field to many more workers who now wait skeptically 
for simpler tools. 

The trend in X-ray diffraction equipment, therefore, is 
toward apparatus and instruments which are easy to 
handle and operate. Instead of the old-fashioned gas 
tubes with interchangeable targets, which had to be 
evacuated by a mercury vapor pump or similar device 
during operation, there are now available vacuum tubes 
(manufactured by Philips 
Metalix, Holland) with a 
metallic center which has 
four small openings for the 
rays to emerge. This permits 
the instrument to be placed 
in immediate contact with 
the tube, thus reducing the 
focus-film distance and mak- 
ing possible much shorter 
exposures. A typical recent 
set-up is illustrated in Fig. 
1. The water-cooled tube is 
readily exchangeable. Four 
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different instruments can be set up around 
the table. When the rotation of a specimen 
posure is desired, a simple blower arrangem 
used. A variety of mountings is available { m 
specimens and purposes. Fig. 2 shows a num! ¢ 
cision instruments for various X-ray diffracti 
All of them are interchangeable and can } 
3g Wit 

around the tube. While the same result may 
in a number of different ways, for exact compa 
two specimens must be mounted in the same 
and examined under the same conditions. 

Much comment and attention was paid to 
rece ntly developed back-reflection method. ‘Th 
work in this particular field was done by | 
Regler of Vienna.” He is able to examine struc 
field with his equipment.” Just how reliable th 
tation may be remains an open question, In 
communication to the writer, Dr. Regler sta 
date of July 16, 1935: “I wish to draw your at 
the fact that difficulties, especially in the me 


of the interference lines, are stil king 
that we cannot think as yet of a ¢ - consi 
application of this method. I am 9 the axe 
on the magnification of the weak t the 
This refers to the photometric « s eff 
of the pattern. At this writing, tube to 
portant work is being conducted the m 
method under the auspices of an A.S.1.M elec 
Committee on the studies of fatis eram 
ures of metals. ag P 
The great variety of studies \ node. 
now solved by means of X-rays \ ness 
fested in some 40 papers at the one-da the al 
Preliminary Symposium on X-ray | the en 
tion which was held in Detroit last Ju Th 
during the A.S.'T.M. Convention. W 1s shai 
all papers demonstrated interesti: elie 
plications, a number of impor aia 
searches were not included. Prof. G. W. Stewart low nlacs 
State University, the originator of the cybotactic stat ian 
theory, has done remarkable work on the crysta 
of liquids by means of X-rays.‘ From the labors 
Prof. George L. Clark comes a report on X-ray wh 
of nerves.” W. T. Astbury in England, J. J. T: ' 
France, and F. Halle in Germany contributed int ting variet 
X-ray data to our present-day knowledge ot ay | 
fibres and fatty acids. As 
Metallurgy, of course, is still the most fertil: | for ibsor| 
X-ray workers. Here, the methods are reaching ind w 
negat 
rated 
liffus 
irg 
| 
ver 
i 





fection. Special equipment has been constructed to 
pecimens at high temperatures and in controlled 
res or in vacuum.” Technique for X-ray studies 
h<: ances under high pressures and under tension has 
eloped.*® 

fhe necessity for uniform interpretation of X-ray 
-ams made it desirable as early as 1930 to form an 
onal committee on nomenclature and tables under 
hairmanship of Sir William Bragg. The work of this 
e is in print now and will be published in two 
_edited by Dr. C. Hermann. F. Schiebold and E. 
pr s.hneider contributed valuable material on graphical 

thods for the interpretation of X-ray patterns. 


ng With our present day knowledge and equipment, the 


i 


rious methods of X-ray diffraction analysis offer un- 
mited possibilities. New elements have been discovered 
ith this tool; submicroscopic particles can be examined ; 
n fact, anything that has a crystalline or even collo‘ds! 
tructure. whether gas, liquid or solid substance, responds 
1) the searching rays. The time is not far off when metal 


lurgists will write out 1 doctor's pres¢ ription for a 
hitherto unknown alloy to suit a particular application 
Like this, X-ray diffraction will play 


in many chemical developments of- new composition. 


an Important part 


}. T. Randa Phe Diff XI \ 
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tion. McGraw-Hill B ( New Y 
Ralph W. I Wy Se St ( 
Chen Cata ( \ York, 
i( I ] Clar \ X-R Met 1 
] ( New Ye 
I Revler. Ueber ( e M 
rapl h Feinstrt { ersuc \ 
\ \ thod of Net 
n i ) } hys Vo | 
I R Ri ! S | 
Br ra e1 \e1 f 
Vi | 
G. W. Stewa Evider 1 Cy! ( \ I 
yr ! i it ud I \ 
8] (>). Schmidt, I = | ir & G. I ( { ) 
) Nery Radiol Vol \ 
IN. P. Goss. X-Ray Eq \l 
re Py ’ Vo () 
I K. Frevel .Tecl ; 





CATHODE-RAY TUBE FOCUSING ARRANGEMENTS 


(Continued from page 301) 


making phase or wave-form determinations the accuracy 
< considerably decreased, since in some cases the amount 


ng the axes are rotated depends somewhat on the amplitude 


{the deflection. It may be possible to compensate for 

his effect by using deflection coils so rotated about the 

tube to produce axes at right angles. When the two fields 

the magnetic field from the focus coil and the magnetic 
1 electrostatic deflecting field) intersect distorted oscil 
lograms result. For this reason the focusing coil should 
be as short as possible and should be located close to the 
node. The magnetic focus system is rarely found usable 
inless there is a space between the deflection plates and 
the anode at least as great as the inside diameter of 
the coil. 

The two pairs of deflection plates are always unequally 
distant from the focusing field, so that one axis is gen 
erally rotated a greater amount than the other. In the 
case of magnetic deflection it is the usual practice to 
place the coils so that they are adjacent, so that the axes 
are rotated equally. 


FOCUSING TROUBLES 


When a tube of the usual low-voltage gas focused 
variety apparently does not focus properly, the cause 
may be due to one or more of the following items: 

1. Too “hard’’ a vacuum, possibly due to air being 
absorbed by the elements. Spot generally large, brilliant 
and well defined. This condition usually requires a lower 
negative bias or even a slightly positive bias than the 
rated value. 

2. Gassy. (Too “soft” a vacuum.) Spot large and 
diffused. Stream quite bright. Requires an unusually 
large negative bias. 

3. Wrong filament current. 

1. Misalignment of the focusing electrode. 

5. The cathode surface is too large, or the emission 
covers an irregular area, due to an asymmetric reduction 
of the active area. 

6. Stray alternating magnetic fields, due to nearby 
transformers or similar equipment. 


7. Poorly filtered anode supply. 


8. Magnetic fields due to the filament being operated 
on alternating current. 

9. Magnetic fields due to permanent magnets located 
too near the tube. In this connection might be mentioned 
that if the supporting wires and the internal electrodes 
are of nickel, they may become magneti ed and influence 
the focusing. 

10. Unused deflection plates not shorted and = con 
nected to the anode. Deflection plate leaka 


high or missing. 


ha path too 
A poorly focused spot is usually elongated instead of 
circular. If, deflected in 


swinging a magnet nearby, it moves as a fine wavy line, 


when it is some way, as by 
the trouble is probably either due to item 6, 7 or 8. The 
effect of 7 is to produce an elongated line instead of a 
spol whenever the latter is off center. This line always 
points in a radial direction and has a length propor 
tional to its distance away from the center of the sereen 
If the power source for the anode potential does not 
also supply other apparatus, this trouble is rarely found. 

Permanent magnets, when used for centering or shift 
ing the axes, may produce a divergence of the beam 
The field around such a magnet changes rapidly with 
distance, both as to intensity and direction. If the field 


through one portion of the beam differs ever so slightly 


from that in another part different elements of the 
cathode beam will be deflected different amounts, which 
has the effect of enlarging the spot. In some case a 


tube that becomes too hard can be softened by baking 


for a short time. In case regular facilities are lacking 


an electrical “sunbowl” heater can be used to heat up 
the bulb slowly. This cure is short-lived usually 

In electron-lens-focused, “hard” tubes, incorrect focu 
ing is usually due to 

1. Wrong voltage ratio applied to anodes 

2. Magnetized elements within tube. 

3. Wrong filament prong used as cathode connection 
(in the tubes where the cathode terminal is common with 
one heater terminal). 

t. Deflection plates not shunted with a leak resistance 

5. Stray fields as outlined above. 


(To be continued) 
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Bore Exact Within .00imm Contactless Systems of Air-operated Temperature ae 
Ld r 

(.00025”) Temperature Control Controllers for eit 
Until recent years, in all temperature Supplementing its well-k: P <trul 
(7 S ; come: = controllers employing thermoelectric thermostats, the Powers Re : si! 
| ) | fh thermal systems, the pointer of the innounces a series of three nei} 
SS \ J millivoltmeter was subjected to mechan remote-valve,  air-operated edt 
~ ical contact—even controllers. The es ic 

if only momentari- sential portion of 

















lv. The advent of all three is the 
Sy 7 - the photocell first “Ileat Regulator be 
i \ made it possible for No. 26” which, “ono «Cf 
== == = \ the pointer to initi- when supplied j 
ate a control func- without indicator 
| tion while remain- or recorder, 
_ —- ing free. In the constitutes one 
~ a —_ r\ new “Wheelco Sys of the three oi 
A= = } tem” of tempera- new control Mi 
== ~ ture control, the devices, the 
pointer is made to second being the 
- command the con “No. 26 with In 
NU ene oes cae ar ens eres ocean Fig 1 dicator” (Fig. 1) 
= | and the third be 


ing the “No. 26 
with Recorder” 
(Fig. 2). What 
is said to be a 
unique feature of 
the “No. 26” is 





























= . Oe that although it em- | 
| ploysa vapor yressure Peg : 
+ SSS Tat thermal aan highly ms? Reading 
ee ta — \ . sensitive to temperature char ya 
== => \ / bulb, the setting dial has ur es 
— perature graduations—as have mens 
recorder charts. The dial ther the 
DF mesapncencnes A Fig. 1 is of 4” diameter; in Fi ee 
TES ewspa 
SY SSS eading 
strun 
Smallest bore 0.5 mm—Larg- ecome 
: - Fig. 2 r and 
est bore 50 mm. hil 
Leneth, except for extreme trol circuits by its position with respect dete 
ee Cae to a small coil forming part of an oscil eS 
bore wi od to 1 me Ue lating circuit. Although the consequent cor 
Inside surface clear like reg- | change in the grid excitation of an elec , 
ular transparent glass tub- tron tube is so great as to alter thi val 
ine. plate current sufficiently to operate a nuf. 
> ‘ . - relay, there is no appreciable drag on or | 
Bore of any cross section: the pointer itself. This ““Wheelco System” mp 
round, square, oval, coni- has been made use of in a series of in 
cal shape, ete. struments brought out by Thermo Con 
a 2 : trol Devices, Inc.: Fig. 1 shows. the 
lubes made of resistant Jena “Limitrol,” a combined indicating p) 
G 20 glass of low coefficient rometer and temperature limit cut-out 
of expansion. which may be set at any temperature up 
to 3000°F. and may be made to flash a 
For: barometers, viscosimeters, | light or sound an alarm at the same time Lis 
pipettes, syringes, colorimeters, Seale ranges 0 to 400, 800, 1200, 1600, Fig. 2 t 
bearings, interchangeable 2000, 2400 and 8000°F. Dimensions 8” -_ ' tempe 
joints, ete. 7”<53,". Fig. 2 shows the “Capacitrol,” b f 
an indicating controller available in the recorder is a 121,” instrume! tr 
{ product of the same scale ranges, equipped with an in chart having a 3 9/16” scale. B ro 
' ternal “Wheelco Motorelay” to handle 25 and reverse-acting regulators matl 
Jena Glass Works Schott & Gen. | amps. at 220 volts or with an external _ ble, together with a wide vari recel 
t. Ss. Agents “Wheelco Motorelay” of 100-amp. capa phragm-motor valves and d nee 
wis _ . city, and affording “true floating con- tors—the valves, too, being to be 
I: ISH-SCHURMAN trol.” Dimensions 1014”X1014,"”1014,”. — direct-acting, reverse-acting oq St 
; \ third instrument (not illustrated) is types. Bulbs of seven differ ut 
C( R POR A'TION housed in a case like that of the “Limi- (including wet-bulb) can b mane 
2 ” ; , trol” but is an automatic controller like with thermal systems for ce 
230 E. 45th Street, N. Y. City & the “Capacitrol” except that it affords following temperature rang¢ PP 
| only plain on-and-off control. 50-150° F.; 100-200°F. or 150 lea 
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Visibility Meter 
measurements, 
of which any instru 
mercially available, are both 
ible by the appearance of a 
ae if instrument developed at the 
ectrie Co.’s Lighting Research 
brought out by the company’s 
ent Lamp Dep’t. Actually, the 


kinds of 
were 


[wo tinct 


for ne 





Recom- 


\ bi Meter” combines two different 
¢+ruments in one frame measuring ap- 
ox. 1” X 3” XK %”, which is held to 
eves like opera glasses when used 
r eit class of determination. Both 
nctruments are calibrated for normal 
ion ith depend on the “extinction” 
rinciple, the observer turning an optical 
edge (neutral) until the object which 
eo vit is barely discernible to him. 
rere. 
| 
\ \ f 
Re, 


Readings are then taken: (1) 
ended illumination. The left-hand scale 
gives the intensity (in foot-candles) rec 
mmended not only for specific tasks but 
for the eyes of the individual persons 
performing these Thus the 
bserver may stop at “10” when viewing 
newspaper headlines and at “30” when 
reading the vernier of a small precision 
instrument; and this same vernier may 
hecome indistinct at “20” for one observ- 
er and at “30” for another. (2) Relative 
Visibility. The right-hand scale is used 
to determine the relative visibility of ob- 
ects when their size and character can 
be controlled. Thus, highway engineers 
can appraise the relative safety value 
of various and signals; machine 
manufacturers can decide type size and 
olor contrasts for nameplates bearing 
tamped or etched instructions, ete. 


tasks. same 


Signs 


New Form Bi-metallic 


Thermal Elements 


Limitations to the and de 
pendability of the 


cemnpe rature 


accuracy 
bi-metal strip for 
measurement and control 
we been largely due to the weakness of 
structural forms of sufficient length to 
provide the necessary deflection. <A 
mathematical analysis by F. G. Bloch 
recently indicated the improvement in 
ngidity, accuracy and available torque 


to be obtained by an element consisting 
of several concentric helices, so wound 
hat their rotational deflection is additive 


while their axial displacement is mutual 
ly counterbalanced. Development of novel 
‘pparatus by which these concentric hel- 
leal springs may be wound from a single 


35 O74. 


strip of bi-metal has now opened the way 
to practical utilization of this principle 
in the construction of bi-metal thermom 


eters and temperature control devices 
combining high accuracy, minimal lag, 
small size and ruggedness. The Weston 
Electrical Instrument Corp. announces 
several sizes of the new-form elements 


for several temperature ranges and will 
shortly have available an extensive line 
of these “Rotatherm Units.” Reductino 
of strip width and thickness, and the 
compact form in which the greater strip 


length is secured, permit the construc 





tion of thermometers of sufficient torque 
to provide deflection of 
a 100 


a pointer ovel 
long enough to be read to 
fractions of a degree, with a 
element as small as the bulb on a common 
thermometer. On the other hand, 
a unit with sufficient torque to operate, 
say, 6-ft. hands on a display thermom 
eter, or to do an equivalent amount of 


scale 
thermal 


glass 


work in a control operation, can be con 
structed, it is without 
reasonable size limits or introducing ser 
ious inaccuracies due to distortion caused 
by deflection width of the 
strip 


said, exceeding 


across the 


Dual-purpose Air Meter 


Direct indications in terms of velocity, 
as well as pressure readings, are ob 
tained with “Type AM-1” Air Meter in 
troduced by Julien P. Friez & Sons, Ine. 
The 


cessories 


design of and ac 


( Pitot 


essential parts 


and static) makes. it 





suitable for taking readings inside ducts, 


at the face of Unusu 
ily wide applicability 
in use—rather than 

for scientific research 

for in and 
result being an outfit 
143,” & 314” & 314” case and weighing 
net. Velocities as low as 140 
ft./min. and up to 2832 ft./min. can be 
(gage or vacuum) 
and up to 0.5” of 


grilles, fans, ete. 
and convenience 
extreme precision 
have heen striven 
the design construction, the 


contained in a 


measured; pressures 


as low as 0.00125” 
water. Zero correction 


vices are integral parts of instrument. 


and leveling de 





/-, BY ORDERING 


iN) 


METALLIC 
BELLOWS 


ASSEMBLIES 


complete 


@ FILLED AND SEALED 
@ READY TO OPERATE 


For many years we have sup 
plied Hydron Metallic Bellows 


to manufacturers who completed 


their desired assemblies In their 
own factory Now more and 


more manufacturers find it more 
economical and more satisfactory 
to have us supply the complete 
bellows assemblies. We have the 
equipment and they are pleased 
with the results. Let us 
you’. on complete 
semblies for your products 
Hydron metallic bellows are 
used in temperaturé 
sure control devices 
liquid or gas seals on compres 
sors and pumps. They are form 


quote 


bellows as 


and pres 


and for 


ed from one-piece, thin wall, 
metal tubing of the highest 
grade expressly developed fo 


this purpose 


T he bellows have exceptior al 
life characteristics, due to the 
automatic testing of the tubs 


wall in our original patented hy 


draulic forming process, and t 
the freedom from rubbing of 
frictional tool engagement witl 
the thin metal wall durir tl 
formative operation. Thi 


draulic proces6 a hieve da ré 
markable uniformity and qualit 
of product. 

The bellows are Uu ed d oO! 
as shaft packings 
1 


trol elements, 
in thermostatically 
valves, and in a variety of pre 
sure and temperature control dé 
vices. Inquiries are 

We manufacture bellow ind 
bellows assemblies only 


CLIFFORD MFG. CO. 


564 East First Street Boston, Mass. 
FACTORY REPRESENTATIVES 


ontro] 


invited 


Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slagel, 923 East 3rd St., Los Angeles 
J. J. Sheiver, 221 North La Salle St., Chicago 
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jed in tk t new bulletin! ¢ 
ete catalog data with specifications 
cn tyf 
t brinas together ir ne catalog the line of 
laboratory gas testing apparatus available 
from American MeterCompany including many 
improvements in these standard instruments 


Catalog AG-1 willbe mailedto youon request 


AMERICAN METER COMPANY 


Measurement and control of Gas, Oil; Steam, Air and Liquids 


Estasssmen 1836 


GENERAL OFFICES: 60 E. 42ND ST., NEW YORK, N«Y. 











AMTHOR UNIVERSAL 
TENSILE STRENGTH TESTER 


WIRE 
CORDAGE 
RUBBER 
PAPER 
and other 
FLAT 
MATERIALS 


Pendulum Type 
Motor Driven 
Maximum Capacity 
300 Ibs. 


Manufactured to 
Standard 
Specifications 





by 


AMTHOR 


TESTING INSTRUMENT CO., Inc. 


6 Leo Place Brooklyn, N. Y. 


Send for Circular! 
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Direct-reading Brinell Tester 

\ power driven, direct reading Brinell 
machine has been introduced by the De 
troit Testing Machine Co. Testing is done 
on the rough surface without spotting o1 
stops for read 
ing. It is claimed 
that by the use 
of this equip 
ment Brinell 
testing is ste ~ 
ped up in line 
with other pro 
duction opera 
tions. Tolerance 
hands on_ the 
face of an in 
dicating dial 
ire set to the 


desired limits 
by using the 
microscope, af 


ter which the 
operator merely 
notes that the 
pointer stops 
between them 
Since the actual 
test made is 
the standard 
Brinell, it may 
be checked with 
the microscope at any time. This also 
permits the use of the machine in the 
conventional manner on odd specimens. 
\ foot pedal leaves the operator’s hands 
free. The direct-reading device works 
equally well on flat, rounded or odd 
shapes and is mounted in such a man 
ner as to be free from deflection in the 
machine frame. Where the machine is to 
be used on small parts a suitable sleeve 
or distance-piece is provided which sup 
ports the screw well up under the nut 
or hand-wheel. The screw may _ be 
clamped rigidly: free from shake and 
excessive wear. The frame, cast in one 
piece, is of box-section construction 
Pump gears are hardened and ground 
and gear shafts are ball-bearing mount 
ed. All overflow from piston and valves 
is directly back into the reservoir. Two 
sizes are available, one having a work 
gap 6”X12”; the other 9”X<18". 








Load Indicator 

Combining a hydraulic jack and a 
pressure gage, the “Load-O-Meter” 
brought out by the Black & Decker Co 
finds application in weighing rail cars, 
measuring compressive strength of con 
crete pipe, arches, etc. It is available in 
25,000-lb., 50,000-lb. and 100,000-Ib. ea 


pacities. 
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X-ray Equipn 
Affording a wide vay 
uses, an unusually comy 
equipment (called tl 
Unit” because unusual 





make it suitable for schools 
by St. John X-Ray Service, 
sists of a heavy lead-lined « 


encloses a standard 200,01 
generator and_= air-cooled 
are permitted to escape fror 
only through a single wi 
top, provided with an adjust 
Safety devices are provided 
er high-voltage nor X-ray 
while any access door or p 
the base or the specimen by 
removable fluoroscope of 
struction permits indirect 
the X-ray image. The space 
equipment can be darkened 
inspection. Another feature 
instrument for high-speed, 
X-ray diffraction analysis 


Oil Metering Pump 


Said to “eliminate the 1 
any regulating valves, Ventut 


cosity controls, ete.,” the 
M-F” adjustable fuel oil me 
has been developed by the \ 
chine Corp. for light industr 
with the special object of per 
use of No. 6 (“bunker”) 
though much cheaper than N 





higher B.t.u. value. Autom 
are said to provide const 
burner regardless of oil 
pressure or viscosity. Wher 
shut-off valves are used, 

equipped with an adjust ible 
prevent pressure build-up 
action is said to raise oil 
“due to friction and pressut 
pacity 60 gals. /hr.; norm 
r.p.m. 


cg citar le 
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Production Gaging Aids 


out its line of rapid indi 
vices (see Instruments, Sept. 


246) 


Or I } 
tor, a clear-vision type with a 1235 to th nd 
magnification which permits graduating 
e dial in 0.00005”. While the “Model Cathode-ray Oscillograph u "YI 
5’ can be used in the laboratory by | 
: ° features are said to have 


ounces 


the 
the 


Federal 


“Model 95” 


son of this sensitivity, it has 
esigned and constructed for shop pro 


luction and in- 
spection. The 
ompany an- 


Products 


indi- 





been 





readings taken one minute apart will be 
the hundredths of a second it has eained 
or lost in one minute. A headset permits 
listening to all noises in the wateh when 
the filter is cut out, or to the ticks only 


when the filter is cut in. 


Many new 
been incorporated in the new portable 
cathode-ray oscillograph “Model 148” an 
nounced by the Allen B. DuMont Labs., 


widening its use and simplifying its oper 





CONTINENTAL 


Vacuum Power Switch 





CONTINENTAL 
Pee. inet CO. 














mnees also the ation. It employs a basically new sweep 

‘Model 110” soe cee eae Bho apa Rede Sealey ST. CHARLES, 6, !LL 
aa ompa r ator. cycles, lowing RE waves to he studied ° 

< vel an Improved linearity is accomplished hy 

hich uses the the use of a current limiting tube; a fast 

Model 95”  in- er return trace 1s obt iined by means 

icator. The of a mercury-vapor discharge tube. The 

omparator amplifiers are arranged to be used sin 

frame is ex- gly or in cascade. When connected in 

tremely rigid. mereenie Pan >alibalRn phe debe Merling 

[he indicator flection of I \ patented calibrated 

raised and scale is provided with the 5” DuMont NO MERCURY 

wered by “Type 54 rH” cathode-ray tube. All con 

eans of the trols ind Input posts are located”) on 
D right-hand knob, front panel; a single knob controls all IS USED WITH THE 
if ind is clamped necessary switching. _ Position controls 

are provided for vertical and horizontal 


in position by 

ie@ans of the 

eft-hand knob 

ith minimum 
bur ange in position. The lower anvil is 

raised and lowered by means of a large 

ing supported on ball bearings. The 24 
hy | pitchthread gives micrometer adjustment. 
[he anvil illustrated is standard; others 
can be furnished (the company insists 
upon installing all special anvils, itself). 
rhe complete comparator may be used in 
the laboratory but has been designed for 
rapid operation in the plant. 


axes. In addition to the cathode-ray tube 
there are two type-53 amplifier tubes 
one type-57 current limiting 
type-80 rectifier tube and one type-128 





tube, one 


mereury 
is completely self-contained and operates 
from 110-volt a-c. supply. 


vapor discharge tube. The unit 





| No. 37 
| RECORDING METER 
| 


It gives trouble free service and ac 


curate records of 


FLUID FLOWS 
and 


LIQUID LEVELS 


Timepiece Rate Tester 


Either a visual or an audible method 
may be employed to rate a watch when 
using the “Time Micrometer” announced 
by Henry Paulson & Co. The watch 
under test, and a master watch, are set 
on microphones. A filtering+and ampli 
fying system eliminates extraneous noises 
and amplifies the ticks sufficiently to 
flash a neon tube behind a translucent 
graduated dial which rotates once a 
second in step with the master watch. 
If the watch under test is well regulated, 
the dial will appear stationary; if it is 
faining or losing, the dial will appear 
to rotate slowly, and the difference in 


—Extremely easy to install and can be 
calibrated for any differential pressure 
between 20 in. 


| of water and 10 lbs. 
| per sq. in. 


MOREY & JONES, Ltd. 


MANUFACTURING ENGINEERS 
Los Angeles, Calif. 


| | 922-A So. Hemlock St. 
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LOW IN § 
PRICE 


« x o 
High in 
Quality and 












Accuracy 





MICROHM 
POWER RESISTORS 


meet every requirement of com- 


pactness and high resistance. Ac- 
curacy 2%. 3 TYPES: “P-1" 5 
watt; “BP” 10 watt; “VP” 20 
watt. Resistance range up to 
100,000 ohms. Exceptional value 
is offered in this combination of 
low price, accuracy, quality and 
small space requirements. Write 
for samples, further information 


and our new catalog. 


PRECISION RESISTOR CO. 


334 Badger Avenue Newark, N. J. 


CROFT 

















PYRO onticat bnomereR 





SELF-CONTAINED, 
DIRECT READING 
RUGGED— 
FOOL-PROOF 


Unique construc- 
tion enables oper- 
ator to rapidly 
determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smatiiest streams; 
no correction 
charts, no acces- 
sories, no upkeep. 
New concentrated 
test mark and ease 
of operation per- 
mit unusuatltly 
close and rapid 
temperature de - 
terminations, 
Steck Ranges 

1400° to 5500° FF. 


PYRO RADIATION 
PYROMETER 



























erator strictly automat ] 

rs. Always ready to tell within three seconds 
any shortcomings in your equipment. Stock Ranges 
100 to 3600° F. Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
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Phase-rotation Indicator 


Elimination of moving parts has been 
achieved in the General Electric Co.’s 
new phase-rotation indicator by employ- 
ing one of the time-tried lamp-brightness 
methods (see Instruments, August 1934, 
pages 160-161). Measuring 514” «K 314” 

3” and weighing 22 0z., this device is 
not designed to replace the various G-E 





synchroscopes but finds many uses in 


3-phase testing and_ installation work 
where a small portable instrument can 
conveniently be included in the kit. Suit 
able terminals are provided for connec 
tion to 115-, 230-, or 460-volt circuits. 
Operation: Central button is pressed and 
both neon lamps glow; button is released 
and phase rotation, clockwise or counter 
clockwise, is indicated by which one of 


the lamps remains lit. 


Capacity Meter 

Designed to meet requirements for a 
small, reasonably-priced unit, a new 
multi-range capacity meter, “Model 780,” 
has been placed on the market by the 
Weston Electri 
cal Instrument 
Corp. Its full- 
scale ranges of 
10/1/01 /0.01 
ufd cover all 
capacity ranges 
in common use 
in radio receiv 
ers, since read 
ings can be 
made down to 
as low as 100 
wufd. It oper 
ates from 115 
volt 60-cycle 
a-c. supply. A 





voltage adjuster compensates for small 
variations in line voltage, and an internal 
transformer insulates the device from the 
line. A pair of long test prod leads is 
provided with each instrument. Dimen 
sions 514,” 33," *2Y,"; approx. weight 


13 Ibs. 


i 


High-Output Photocell 

\ photoelectric cell of the dry-plate 
type which provides an increased current 
output may now be obtained from the 
Weston Electrical Instrument Corp. 
Known as the Type 2 Photronic Cell, it 
is intended primarily for use at low 
levels of illumination, its output being 
approximately three times that of the 
regular Photronic cell for the same il 
lumination and its spectral sensitivity 
slightly greater in the blue end of the 
spectrum. In size, speed of response and 
most other general characteristics, the 
high-output cell is similar to the regular 
type but, in common with supersensi- 
tized photocells, is not quite so stable. It 
will be found suitable, therefore, where 
high output is more essential than strict 
permanence. 





Multi-purpose | ile 
Electrical Instri ts 
Suitable for general test 
and radio work, the ne 
ohmmeters and test unit 
the Westinghouse Elect 
are equipped with a ne 
d’Arsonval movement 
switches for range selectio 
testing of circuit resist 
and insulation. The typ: 
clude simple ohmmeters, 
d-c. test units and the , 


ones 


é yybtytt t 


sAMPE 
wNours “4s 





multi scale a-c.—d-e. test uw | 
struments weigh approxin g 
have a 2.4” scale length and 

ina 7” XK 4” XK 3144” Moldar 
curacy is within 2% for d 
milliamperes and within 
Illustration shows “Type PM 
d-c. test unit: 


Ohms Ohms V 
Full Sea Mid-Sca d 
1000 50 ] 
100000 5000 15 


10000000 50000 50 


Other instruments nov 


t PX-25 t i 
Onr 
I Seal 
10-1000 
10 100 
1000-100000 
1000 
100000 
1000000 
Type PS D. | 
0 Ohms \ 
Full S Mid-Sea by, 
1000 AO 
100000 S000 
1000000 50000 
PX.-37 ( 
M 
Ohms Ohms volts 
Full Scale Mid-Seal l 
200 t 
1000 0 
100000 000 250 
10000000 O0000 1000 


Anti-vibration Mountings 


Natural cork is the mediur 


in a series of anti-vibratior 
announced by the Vibration 
Co. Each size and model | 
signed and constructed fo: 
range of loads, thus achievir 
ization and permitting make 
antee definite efficiencies. 








tageou 
st ill it 
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2-Element Detachable Meter 

Low installation cost, p rotection 
iains current diversion, and 
ity for reading, testing and 
characterize the new “CS-5” 2-element 
detachable meter for networks announced 
hy the Westinghouse Electric & Mfg. 
Co. It can be readily substituted for any 
single-phase “Type S” detachable meter 
by changing one of the terminal blocks 
in the “T'ype S” which is advan 
tageous in many single-phase 3-wire in 
stallations where the loads are sufficient- 
ly large to warrant the use of a 2 
element meter instead of the convention- 
al single-phase, 3-wire meter. ‘Two inde 
electromagnets and a 2-disk 
moving element give it the per- 
formance characteristics as those of the 
conventional Westinghouse 2-element me- 
ter. To provide space for demand _at- 
tachments and other accessory devices, 
one large permanent magnet is used for 
damping. 


accessibil 
removal, 


socket 


pendent 
same 


Steel Temperature Recorder 

Measuring the temperature of the steel 
while being roiled is the purpose of the 
new “Velarmeter’” announced by the 
Bacharach Industrial Instrument Co. It 
records the temperature on a_ clock 
driven chart, so that the mill superintend- 
ent is provided with a production as 
well as a temperature record of each 
piece of steel rolled. The measuring ele 
ment is a tiny thermocouple which re 
ceives heat from the steel through a lens. 
The thermocouple emf. is measured by 
thigh-speed recording galvanometer. One 
made on the chart showing the 
temperature of each piece of steel. The 
instrument is entirely automatic. The 


dot is 


radiation receiver is mounted permanent- 
ly on or near the rolling mill and the 
recorder may be located at a convenient 


} 
piace, 





: 


Maximum Demand Register 

Retaining all features of 
maker’s previous demand registers, “Type 
HG” Maximum Demand Register is an 
nounced by the Sangamo Electrie Co. as 
improved by the incorporation of simpler 
interval selector and interval reset mech 


essential 





anism. With its 100-tooth worm wheel 
construction, it can be applied directly 
to any service type HF, HC or H 


meter by changing minor parts of these 
meters. There are only two simple ad 
justments. Standard intervals are 15 and 
30 min. Seales for single-phase service 
are 800% of normal full-load watts; on 
polyphase 200% for 
ters and 
transformers. Interval timing mechanism 
may be reset manually: by turning 


self-contained me 
125% for meters for use with 


» 
cessible timing cam clockwise until push 
er arm drops back to zero. 


Portable Demand Register 
Checking Device 
Together with its new 
above) the Sangamo 


demand registe1 
Kleetric Co 
has brought out a portable checking de 
vice which permits making a complet 
check on any standard “IIG” 
register, manually and rapidly. Not only 


(see 


demand 


does condition of register mechanism 
show itself at a glance, but ait also i 
possible to check register and pusher 


arm ratio 


Rain and Snow Gage 


In the new model of the 
Weighing and Recording Rain and Snow 
Gage announced by Julien P. Friez & 
Sons, Inc., precipitation is delivered 
through a 


Fergusson 


collector 


ring of known area 
to a receiver resting 
upon a= spring bal 
ance. This weighing 


mechanism is sensi 
tive to 0.01” of rain 
fall. The record eviin 
der provides daily or 


weekly charts. The 
unique linkage from 
the weighing mechan 
ism to the pen arm 


allows an extremely 
open scale on a 
tively narrow chart by 
reversing pen move 
ment at several even 
increments of the gage capacity. Capaci 
ties up to 12” of rainfall are offered with 
provisions for catchment of overflow 10’ 
in excess of this amount. Other types of 
different capacities and aplications are 
available. 


rela 








RAWSON 
Wh ulitsimeters 


DC 
13 RANGES 


From 1 
Microamp 
to 1 Amp 

and 
20 Microvolts 
to 1000 Volts 





AC or DC 
THERMAI 
13 RANGES 
From 
2 Milliamp 
to 1 Amp 
and 
60 Millivolts 
to 1000 Volts 





A Rawson Twin MULTIMETER 
Combines both the above in one meter 


Dynamometer wattmeters, mulliammeters 


and voltmeters. Also ultra-sensitive meters 


both for A.C. and D.C.,, el 
meters from ful ile 120 
20.000 volt ther: | 
meters, ible tester f] 


Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CoO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 
Representative: E. N. Webber, 
1217 Washington Blvd., Chicago, Ill 








Shallcross Single Decade 


Resistance Box 
TYPE 543 





[S]HALLCROSS MFG. COMPANY 


Electucal Measuring Instruments 
and Accurate Resistors 


COLLINGDALE, PA 
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AIR CONDITIONED 
CABINET 


Automatic Control 
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E 
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For ie 
LABORATORIES 
PROCESSING 
RESEARCH 
TESTING 
Of 


CEMENT, PAPER, TEXTILES, 
FOOD PRODUCTS, ETC. 
YQUIRY 


HEAT & POWER 


SODEMANN ("covieany 


2306 DELMAR BLVD. 
ST. LOUIS MISSOURI 














Measures 


1/300th 
Second 


Accurately 





The STANDARD ELECTRIC STOP 
CLOCK accurately measures time into 
fractional units as small as 1/300th sec 
ond, if desired. It’s a rugged clock 
with a readable dial. The handy remote 
control switch eliminates the disadvan 
tages encountered with stop clocks or 
watches which must be held in the 
hand. Leading research and industrial 
iboratories use and recommend the 
STANDARD ELECTRIC STOP 
CLOCK. Write for detailed facts. 


The “STANDARD” 


ELECTRIC STOP CLOCK 











The Standard Electric Time Co. 
SPRINGFIELD . . . MASS. 


Offices in Many Principal Cities 
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Automatic Controller 


\ mode of control suitable for simple 
applications as well as for some appli 
wt itions ch ir icterized by variable demand 
and complex lags, and hitherto unattain 
ible without 
relatively 
elaborate con- 
trol systems, 
is afforded by 
a relatively 
simple unit 
called the 
“E pic hron,” 
q brought out 
ye by the Rug 
gles - Klinge 

. mann Mfg. 
Co. Temperature, pres 
sure, liquid level or 
other conditions may be 
controlled, depending 
on the choice of  pri- 
mary element. The 
mode of control may be 
described as “reversible 
proportional impulses at regular inter- 
vals,” the actual action being to operate 
a remote or direct-connected valve, drum 
controller, damper, ete., in either of two 
opposite directions, by a reversible mo 
tor, at definite intervals, during a period 
ranging from zero (no change) to 100% 
(no interruption of motion). There are 
two fixed and two movable contacts. The 
latter are capable of being moved the 
full extent of their strokes by a cam 
which is rotated at 1 r.p.m. (by a syn- 
chronous motor and gear train) but each 
of them is capable also of being posi- 
tioned by the primary element (respond- 
ing to temperature, etc.) in such manner 
that the effect of the cam will be nil, 
complete, or partial. One movable con- 
tact is for closing the circuit which oper 
ates the reversible motor in one direc 
tion; the other is for closing the oppo 
site circuit. When the temperature or 
other controlled condition is at normality, 
neither movable contact is brought 
against its corresponding fixed contact 
at any time during the cam period; when 
a wide departure from normality occurs, 
one or the other of the fixed contacts 
keeps its circuit closed throughout the 
entire cam period, continuously altering 
the position of the valve or damper. For 
a relatively small departure from nor 
mality the motorized valve or damper is 
operated during a given fraction of a 
minute, the direction depending on that of 
the departure, the fraction being the ratio 
of the departure to that which would 
produce continuous operation, and re- 
sultant change of valve disk or damper 
position corresponding also to this ratio 
(since the reversible motor runs at con 
stant speed). The gear train or other 
drive between reversible motor and valve, 
ete. generally has a ratio such that it 
takes more than two minutes (usually 
4 min.) to change from wide open to 
dead shut, thereby compensating for ap- 
plication lag and preventing hunting. 
The mode of control is such that instead 
of there being one definite valve disk 
position for each definite position of the 
primary element, the valve tends to “find 
its optimum opening” in a series of di 
minishing displacements, without over- 
shooting, each displacement being initi 
ated after the preceding one has effected 
a change in the controlled process and 









the primary element has taken cogni- 
zance of this previous change. 


‘Flat Characterist 
Relief Valve 


Though called a relief va 
pressure valve, this new d 
duced by the Klipfel Mfg. ( 
i. self-regulating arrangeme1 
its performance, 
under most condi 
tions, is nearly 
equivalent to that 
of a valve oper- 
ated by an auto- 
matic pressure con- 
trol instrument. 
Comparative test 
curves issued by 
manufacturer show |i 
its regulation to be }{j§ 
steady regardless 
of rate of discharge, | 
even with a mod 





erate pressure _J 
“build-up.” In- 







let pres- ¢ 1 
° - naan | 
sure 1S Cup-shaped = °) 
. we k \ 
confined Yale Disk NS 
in spe- (Integrai) NS 


cially- | Piston > ; 

7. eSeat l= UPN. 
shaped Ae Ny Pr) ald 
valve Xo i 

Pitot Tube a 


disk; as j 
valve opens, ENa 
velocity in Rees yy 
crease is con 

verted into additional pressur 
Top of disk is protected fro 
pressure tending to close 

are available nine sizes (1” to | 
in eight pressure drop ratings 
Ibs./in.*). 


Temperature Control Unit 


For use in dead-air spaces 
is necessary to keep the temp: 
from exceeding any predetermin 
a new temperature control 
nounced by the Edison Electri ( 
trols Div. of Thomas A. Edi 
consists of a small glass-enclose 
mostat mounted with a_ suil 
in the cover of a standard 4 


switch box. The thermostat op 


> 


“EDISON 





400-watt capacity glass enclose: 
also mounted in the box. Both r 
thermostat are evacuated and tl 
with an inert gas of high 


conductivity (see Insirument \ 


1935, page 220) to prevent di 
arcing. Thermostat setting for 0} 
at the desired temperature being 
the factory once for all, depe1 
of the control unit is said to be 
assured, 
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utomatic Reset Timers 
\ ew series of time controllers 
out by the Zenith Electric Co. 
es five instruments, all different 
ing in common the following fea 
1) visible dial, (2) remote con 
3) electric motor drive, (4) pro 
for automatic reset. As the remote 








pilot switch is closed the motor starts 
rotating the dial; when pointer on dial 
reaches the offtrip, the timer cuts out 
and the dial returns immediately to its 
preset position. “Type 51” starts a ma 
chine, keeps it running for the set time 
ind then stops it and resets itself. “’T'ype 
$2” provides a time delay from the mo- 
ment the pilot switch is closed to the 
moment the trip operates, when the ma 
chine is started; the machine will then 
run until the pilot switch is opened. 
“Type 10” causes a circuit to be closed 
during part of its dial period and opened 
during the remainder, then repeating the 
same eycle. “Type 12” has its total cycle 
divided into several adjustable on and 
off periods. “Type 15” is a_ reversing 
timer especially designed to operate 
starters for washing machines, etc. 


Compressor-motor Contro] 

Angle switching equipment for con 
trolling large synchronous-motor-driven 
reciprocating pumps and compressors to 
prevent the compression strokes on dif- 
ferent units occurring in unison has been 
developed by the Westinghouse Electric 
& Mfg. Co. Employing an _ electronic 
tube, this new device effectively reduces 
the extent of current pulsations where 
two or more drives are used, thereby 
minimizing flicker in lights and interfer 
ence with the operation of other electri- 
cal equipment. 


-_ 
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Air-operated Controllers 


Greatly reduced size (5” case) and 
simpler design of working parts charac 
terize the “No 40” 


pressure controllers brought out by the 


temperature and 





Unchanged, 


Mfg. Co 


basic 


Tagliabue 
remains the principle 
a capsular spring actuates a 
(TAG ball design) by 


lever through 


Cod 
however, 
whereby 
pilot air valve 
means of a multiplying 
which the setting screw passes—but this 
transmitting lever is now vertical: a 
portion of it may be seen in the illus 
tration. For temperature control there 
are available thermal systems with 
straight or angle bulbs in suitable sizes, 
with union connection or separable sock 
et, in nine temperature ranges all lying 
between 80 and 360°F, 


} 


ranges are 0-100, 0-150 and 0-300 Ibs. /in. 


Pressure control 


Draft Controllers 


\ new automatic furnace draft econ 
troller has been made available by Shall 
cross Controls, Ine., in four sizes: for 
dampers requiring 220, 800, 2500 and 
6000 in.-lbs. of energy——only the damper 
motors differing, the other elements of 
the control systems being standard. Pri 
mary measurement of draft is effected 
by making 
above-fire 


a pipe connection from the 
draft switch 
which is located in any convenient place 
where atmospheric pressure is always 
representative of that below the fire 
This draft switch is of the diaphragm 
type, sensitive to 0.01”, adjustable to 
0.3”, provided with special-alloy non 
freezing non-corroding contacts and fully 
enclosed in a dust-proof case. The damp 


space to the 


er motor for the two smaller sizes con 
sists of a shaded pole, reversible, induc 
tion motor, steel gear train, and travel 














limit switches, all submerged in oil in 
a sealed die cast case, The larger damp 
er motors are either of the shunt wound 
d-c. or capacitor a-c. type, with the gear 
reduction sealed in oil, and adjustable 
travel limit switches. Three switches pro 
vide means for manually operating the 
damper: two push-button sw itches 
marked ‘ 
lector switch marked “auto” “off? and 


“hand.” 


‘open” ind “close” and a se 





THWING 
TREASURE CHEST 





The accura I eve | 
hould bi irded 
1 urin ( 
The wa to sale i 
py! eter che k t 
wit t T} 
Chest. \ \ | 
he ( kat 
I ( Tre ( ( ] i 
grade Portabl Potenti t¢ 
Pyrometer and Therm 
Che kit ry Set ce hined in the 
instrument It is accurate and i 
plified, compact and comfy lete, ready 
for use 
Every user of Pyrometers should 
have a Treasure Chest a2 


THWING INSTRUMENT CO. 
3323 Lancaster Avenue, Philadelphia, U.S.A 








on Prof Prandtl’ princs 
ple, for was, air, steam and 
water. Co-efficient } L.00, 
| and consequently iso uit 
able for measuring the tat 
ic pressure Simple fitting 








PITOT TUBES 


by SCTEW nipple or flange 
Special type for high tem 
peratures ind pressures, ind 


for destructive or dust-laden 








uses 


STATIC 
MEASURING BALL 


Dr. van der Hegyge-ZAtjnen’ 
principle, for the sini ne 
ous determination of the di 
rection of flow, the eho 
ind the 


Literature on pucsl 


R.. Fess, INC. 


245 W. 55 St New York 


tatic pre wre 














Surface Temperatures 








Flat 

a The “Alnor” 

or ’ " 

Moving Combination Pyrocon 
Curved 


Surfaces Ideal for rolls, mold 
plates, platens and 
plastic material temper 
atures. 
Write for bulletin. 
Illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Illinois 
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MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter Issued by manufacturers. Unless otherwise 
noted, any of the Items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in thelr printed matter are invited 
to do so. 





Control, Leaflet de 
cribes L & N furnace pressure con- 
trols and illustrate their installation 
Leeds & Northrup Co., 4901 Stenton 
Ave Philadelphia, Pa 

(290 Retort Controller. 6-page leaflet 
lescribes the various American Can- 
Consolidated 


C289 Pressure 


ning Instruments 

roft Hancock Co., Bridgeport, Conn 
C291 Ceal Meter. The Bailey Coal 

Meter, designed to provide a reliable 


coal passing 
illustrated 


check on the weight of 
om overhead bunkers, is 
i small leaflet Bailey Meter Co., 
050 Ivanhoe Road, Cleveland, Ohio 
“Here's What We Need to Cut 
title of 8-page Bulletin 


} 


(*999 


Costs!” is the 


No. 1104, which illustrates installations 
of temperature and pressure control 
lers, thermometers, ete. C. J. Tagliabue 
Mfg Co., Park & Nostrand Aves 


Brooklyn, N 
Electric Eye. Leaflet shows con- 

struction of Eby electric eye. It also 

neludes two circuit diagrams. Hugh 

H. Eby, Ine., 2066 Hunting Park Ave 

Philadelphia, Pa 

; Automatic 


C293 


C294 Valwe Control. 4- 
page folder illustrates diagrammatica 
] in iutomatile control which stops 
flow when the pipe line breaks, The 
ration is described in considerable 

It ] Automat Vali Controller C 
707 ¢ sden Bldg rulsa, Okla 

C295 Seales. Newspaper size leaflet 
lustrates a large varietv of scales 
used all over the world. Toledo Scalt 
Co Toledo Ohio 

C296 Test Car Column, 4-pag’ 
cular describes the Gregory test cal! 
olumn for determining: gasoline con 
tent of natural gas: gas and gasoline 


field: and operating effi- 
: Refinery Supply 

Co., Tulsa, 
C297 Regulators for the Gas Indus- 
try. Catalog No. 32A covers the com- 


plete line of Fisher automatic controls 
for the gas industry. Fisher Governor 
Co., Marshalltown, Towa 

C298 Dairy Recorder. 4-page leaflet 


recorder and 
thermometers 


Hancock Co., 


illustrates the 1940 dairy 
American pasteurizer 
Consolidated Ashcroft 
Inc., Bridgeport, Conn 
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Millisecond Indicator 


For accurately determining the dura 
tions of fractional-second operations (as 
in studying some relays) and of rapid 
processes, W ithout having to employ labo 
ratory chronographs and_ oscillographs, 
in electronic timer 
General Electric Co 
ings in milliseconds. 
termining 
it a known rate during the interval, and 


then measure the voltage built up on the 


innounced by the 
gives direct read 
The method of de 


time is to charge a capacitor 


capacitor. 'To eliminate, in so far as pos 
devices, the 


sible, errors of mechanical 
charging is controlled by two ‘Thyratron 
tubes, one to start and the other to stop 
the current flow. The capacitor poten 
tial is measured by a vacuum-tube volt 
meter arrangement, using a bridge cir 
that the charge is maintained 
during the reading period. A 
box contains all the 
ment terminals for connecting to 
the power supply (115 volts, 60 cycles; 
and 125 volts d.c.) and to the device un 
der test. Readings can be taken quickly, 


cuit, so 
compact 
necessary equip 
with 


as the time values are obtained by a sim 
ple conversion of the voltmeter reading 


Exposure Meter 


Sensitivity of low levels of natural or 
artificial light has been achieved in new 
“Electrophot” brought out by J. Thos. 
Rhamstine. In with previous 
model (Instruments, 1932, page 
179) it is with glancing 
in view finder, pressing button and read 


common 
July 
used ease, by 


indicator, which has seales for vari 


ing 





directly in 
have 


ous emulsions and reads 
“f” stops. Several improvements 
been made in design and construction 
24-page vest-pocket instruction manual 
covers all motion and still photography 
needs. 





a 


Ortho-stereo Came 
and Stereoscope 


A codrdinated combinatior 
and viewer announced by the 
Lomb Optical Co. makes it 
make and view stereoscopic 


it various magnifications: 


Photographic Ma 


Maanification Whe 


0.48%. 


RC Aae Oe cecveascises siadeeaaes ane ste 
fixed 
adjustment ; may be used in 
horizontal position; may be 
sired magnification by 


Camera is of focus typ 


selecti 
six positive stops; has auton 
position device. Stereoscopr 

ly designed for viewing print 


the camera; has adjustment 








pupillary distance; is supported 


stand for convenience 


Grain Size Measuring | 

To reduce to 
A.S.T.M. iron and steel grain 
fication, the Bausch & Lomb O 
at suggestion of Dr. M. Gro 
brought 
genian type, for either visual 


out an eyepiece (7.5 


iyepiece 


a simple proc 





micrographic use) into which 
rotating plate containing eight 


crometer disks, each disk havi 


curately ruled square, the squ 
senting 1, 2, 4, 8, 16, 32 and 
per sq. in. on the magnified in 
selection is made by turning t 
plate, which clicks at each di 
the square is centered in the 
\.S.T.M. index number also 
the field. 














lotor Test Equipment 


I Allen Electric & Equipment Co. 
nl ces a diversified line of testers for 
nd jal garages as well as for service 
¢ations eatering to the public: 

f Testers—“E-145”" (Fig. 1) and 
“J * test coils and capacitors on or 
A vehicle and spark plugs and igni 





tion cables while motor is operating. 
The “E-146” is without the tumble switch 
(lower center of “E-145” panel) which 
permits comparing spark intensities of 
like coils and at all speeds. 

Neon Timing Light (Fig. 2)—For 
checking spark plugs and for timing ig 


P 


sit att 
nition while engine is running. Bakelite 
case 5” long; removable aluminum shield; 





Fig. 2 





5-ft. leads. 

High Tension Tester vari 
able load on ignition system. Coil misses 
are made audible several feet away. Con 
sists essentially of adjustable gap cali 


Provides 


brated in mm., neon tube, hook and 
leads. Case diam. is 414”. 
“Volt-Amp. Tester’ (Fig. 3)—Com- 


prises a carbon variable resistor, an am 


ece 





meter, a voltmeter, and auxiliaries. Per 
mits a wide variety of tests. 

Motor Testers—Six models, each com 
bining two or three devices such as com 
pression gage, vacuum gage, high-tension 
tester, voltmeter, etc. 





Tri-dimensional Vibrograph 


© The original model of this device was 
described in detail, with sectional view, 
in /nstruments, May 1932, page 136. II 
lustration herewith shows improved 
model now announced by Vibration Spe 
clalty Co. Timing record is now produced 
by a synchronous vibrator intercepting 
\ light beam to produce 1/60-sec. inter 
val dots on film. Film holder takes 60 ft 
of 70-mm. film and a geared counter reg 
isters length (in inches) exposed. For 
visual observation the film holder is re 

) placed by a rotating mirror. To record 


unplitude of vibration over a long period 
of time, a special recorder uses photo 


| BI hie paper driven by a drum geared 
down so that about 1” of paper is ex 


posed each hour. A special attachment, 








to aid in balancing rotating parts in the 
field, registers on the film, alongside the 
record of vibration, a sharply 
dot which indicates the phase relation 
of unbalance to the maximum amplitude 
of unbalance of any of the three com 
ponents of vibration. By the use of the 
phase recorder, the angular position of 
the “high spot” may be found and, by a 
few trial runs, the correction for unbal 
may thus greatly 


defined 


ance he determined, 


shortening the process of balancing 


Surface Illuminator For 
Microscopes 
The difficulty of lighting opaque spe 
cimens by means of lights placed above 
or to one side of the microscope is said 
to be overcome by the use of the Bausch 
& Lomb Optical Co.’s new Surface I 
luminator: it gives a well-balanced annu 
lar cone of light which can be varied 





trans 


Va riable 


both in intensity (by a 
former) and in incident angle (by moy 
from object) It 
consists of a ring holding six bulbs, 
equally spaced and with individual re 
flectors back of each. The ring slips on 


ing toward or away 


over the microscope objective and is held 
in position by an extension rod suspended 
from ittached to the 
adapter, which may be either 
or inclined 


a clamp eyepiece 


vertical 








DEVELOPMENT ENGINEER 


LEADING MANUFACTURER REQUIRES 
OUTSTANDING MAN EXPERIENCED IN DI 

VELOPMENT AND CONSTRUCTION OF INDI 
CATING RECORDING AND CONTROLLING 
INSTRUMENTS OPERATED BY VAPOR 
PRESSURI EXPANSION Of LIQUID OR 
GAS. UNUSUAL OPPORTUNITY WITH FIRM 

LY ESTABLISHED COMPANY. SALARY COM 

MENSURATE WITH ABILITY GIVE FULL 
DETAILS. ALL REPLIES WILL BE CONSID 


ERED CONFIDENTIAL 
INSTRUMENTS, [117 
PITTSBURGH, PA. 


ADDRESS BOX H, 
WOLFENDALE ST., 











BOYLE 
VELOMETER 


Instantaneous 


Dire Reading 
Air Velocity 
Meter 
°(0-feet to 6000 
per minute 


Write for Bulletir 
Illinois Testing 
Laboratories 
Incorporated 


142 W. Austin Avenue 
Chicago, IIlinels 

















AUTOMATIC INSPECTION 
MACHINERY 


Industrial Electronics Specialist 


REX D. McDILL ,7 
663 BANGOR BLDG 
CLEVELAND, OHIO 











C299 Moisture 
illustrate ilu t fu 
Heppenstall me ture meter fo 
rye mats, barley 

edible bean buckwheat flaxseed n 
vetch ( J Tat ible Manufactur 
Co., Park & rat L3t 


Meter. [| idside 


C300 Cathode Ra 
let gives poe flest 


Int cathode ra ipl i 


» Oscillograph, 


engineerin Co { 
Ave St Paul, Minn 

C301 Magnifiers and Readers, 
booklet deseribe }) t mia 
handle magnifie , ophth " ! 
flers ‘ ‘ t 
taungulat 
reducing pla ‘ pocket 
dissecting lense tripod ma 
wide field nm | 
watchmaker 
Optical ( mpat kt 


re nifier 


Vacuum Gage. orm 
sCTibDe i Virani type 1 pre ind 


Lpprbien 
bh 


ee ‘ 2. Lamp or d 
Continental El 
(Charles, Il 

Assay Balanee. Suppl el 
240 istrate thre Mode 


il 
Roller-Smitl 


(*205 
‘at pio 
\ ‘ Balance 
Broadwa New York N. ¥ 

Viscometer. i-)) ‘ Old 


the feature ‘ the z-Sin 





urate Instrumen ( Irie 
Sheffield Ave Chicago, Il 

C205 Instruments & Controls Point 
Way to Improved Combustion bti 
ciency. 6-pa eprint f article wt 
ippeared in the Southern Power J | 
nal. Ha Corp., Micl in Cit Ind 
Grain Size Measuring Eyepiece. 
Leaflet E239 deseribe the new Ba } 


C*30¢ 


& Lomb rain 1Ze ine init ( oy 


c Rochester, N. ¥ 
Vacuum Power Switch Li 
de ribe operatior nd Dy t 
the Typ VPS vite ( tines 
ectrie Co Se ee ’ i 
C308 Cathode-Ray 
ceiver Servicer. Leal 
Signal Generator, t} 
ind Oscil raph qu ent rr 
14031-A. Clough-Bret ( { 
Austin A (*hieca 
Automatic Supervisory Equip 
etir CEA 


Visual Kadio Ke 


CRB O 


C209 


ment. iu 


{ ~¢ ’ Z 
' te ¢ , ’ 
cu ent } r (Cer ] ; 
er! t j y 

( ) Laboratory Microscopes. 
pa ) etir t j ! ! 
app itior f il ti ! 
ind their acce rie I L, 
Optical Ce ht hie ter J y 

J 

C311 Neon Tattelite Tester. 
6 A af ae CT ) V T ] Té 
locating blown Tuse ! 
mea ir t I 
tor 1507 | ! 
Il] 
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Michelson Interferometer and 
1 i 


Accessories, [iulletir 9 lists and 
ihe +} ric nterferomete! ind 
ace: rie th prices. Gaertner Scier 
t l Wi htw d AV ! 
] 
‘ Frocht Straining Machines fo: 
phot ti research 3 described 
! I 1 four-page bulletin, No, 1 
Olsen Testing Machine Co., 500 


th 12 St Vhiladelphia Pa 
(314 Air Classifying Unit. Bulletin 


No. 25 describ i device which fr 

? tes pulverized material far De 
vond tl p er of test sieves. Federa 
Pneumatic System Ine 127 Nortl 
Dearborn St., Chicago, Ill 


(S15 Uniform Filling of Whiskey 








Barrets., borm 2023 discusses a meth 
d of filling barrels of whiskey to uni 
form net weight which is claimed to 
have many important advantage nd 
mportant disadvantages Toledo 
(o., Toledo, Ohio 
( i6 Instantaneous Temperature In- 
dicator. A temperature indicator fo 
letermining the operating temperature 
nu bat cables disconnects 
h terminals, transformers recti 
fier motors, et s described in a new 
eaflet of Schweitzer & Conrad, Ine 
1435 Ravenswood Ave., Chicago, Ill 
(317 Flecontrol Valwe. Leaflet illu 
trate i valve in which the flow 
hrough = the valve is claimed te I 
lirect pro] tional to th turns f 
the handwt l. Consolidated Ashcrof 
Hancock Co Inc., Bridgeport, Conn 
CSS Oil Thief. Directions for the us 
f the R. 8S. Oil Thief Sampler, whicl 
per t nga mple at any deptl 
n th t tank are ont ned in a 
t ued by th Refiner Suppl 
( 621 Kast 4 St Tulsa, Okla 
C319 Q-Meter. 4-page folder or 
high-speed laboratory and factory ir 
it f the isurement f 
nde ! tor ind other ! t 
ner Range 0K to 50 M 
I I 1LO0-A 3 nt l Rad ( I 
l ntor N. J 
(O20 Ballentine Hardness Testing Ma- 
chine. Bulletin 1-A describes this ma 
hin hich is of the dynamic indenta 
tion type Tinius Olsen Testing Ma 
hine Co., 500 North Twelfth St.. Phil 
lelphia, Pa 
C32L Vee Photoelectric Colorimeter, 
Bulletin 840 describes this instrument 
leveloped by Dr John H Yoe and 
Thoma Bb. Crumpler of the University 
f Vir ! The same bulletin also de- 
ribe the Yoe Roulette Comparato1 
American Instrument Co., In« Wash 
tor i <> 
(3 Thermometer for Motors, wate! 
eketed machines, renerators alt 
compressors, bus-bars, bearings, ete., is 
ribed na 4-page folder Illustra 
tions how i number of applications 
Ideal Commutator Dresser Co., 1213 
Par \ve Syvcamore, Ill 
C Dry Metallic Electronic Reeti- 
fiers. Lulletin L-1 gives a general de 
tion nd engineering data on the 
-l, rectifiers. A price list is also in 
luded well as a list of applications 
B-L Electr Mfz. Co., St. Louis, Mo 
CG {1 Xacto Meter, A 2-page bulletin 
lescribes the Figure 778, Xacto pos 
tive \ ime displacement meter, which 
! 1 vertical dial on a full swivel 
intinge. It can be furnished in 114”, 
nd 38” pipe sizes. S. F sOW Se! 
& | It Fort Wayne, Ind 
(* Spectrophotometer Assemblies 
for tl determination of Absorptior 
ind Deflection Coefficients are described 
nd lustrated in Bulletin 134. Gaert 
ner Scientifi Corp., 1201 Wrightwood 
\ c} , Il 
( 6) Bleetro-platers’ Microscope for 
+} ’ nd accurate measurement of 
e depth is illustrated and described 
n Leaflet D-194KE. Bausch & Lomb O} 
t Co., Rochester, N. ¥ 


( 7 Temperature Control E-quip- 
ment, Bulletin No. 13-A gives data on 


break indicating thermostats 
lirect break non-indicating thermo- 


‘ " er heater 
thermostats. Hart Mfg. Co Hartford, 


C328 Air Operated Controller. Cata- 
ant 


o &9 istrates the simplified con- 
struction and ease of adjustment ob- 
tair e in the Brown air-operated 

nt er Brown Instrument Co $482 
\ re Ave Pt} lelphia Pa 
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Positive-action Positioner 
For Control Valves 


Until some revolutionary design does 
away with the rubber diaphragm, the 
spring and the stuffing-box, friction and 
hysteresis will always affect the opera- 
tion of every diaphragm-motor valve. 
Instrument companies have stimulated 
improved designs and constructions 
which minimize these evils when such 
valves are specified, but do not eliminate 
them entirely. Their effects on disk posi- 
tion can be entirely nullified, of course, 
by the use of special control instruments 
designed primarily to compensate for 
load variations. Heretofore, the use of 






. oT] ps s 


Gaels Cebt 





such special anti-hunting control systems 
was required for accurate positioning of 
control valve disks—although this was 
not the primary purpose of these systems. 
Complete nullification of the effects of 
friction and hysteresis is now said to be 
achieved by the “Valv-Precisor,” de- 
veloped especially for this purpose 
by the Taylor Instrument Companies. 
This new device constitutes a separate 
unit that can be mounted on any type 
or size of diaphragm-motor valve and 
will accommodate valve travel from 1, 

to 3”. It is firmly mounted to the dia 
phragm-motor itself to permit a direct 
connection to the valve stem. Its simple 
mechanism is enclosed in a weather proof 
aluminum case. It operates on an aux 
iliary 25-lb./in.2 supply of reasonably 
clean air (air consumption <0.2 ft.! 

min.) or non-corrosive gas. A_ pointer 
and scale indicate the percent of valve 
opening. Its operation is based on an 
air-leak principle similar to that em 
ployed in the control instrument flap 
per valve regulating the air pressure on 
the diaphragm-motor—with the difference 
that whereas in the controller a capsular 
spring fixed to the case actuates a pilot 
valve also fixed to the case, in the “Valy 

Precisor” the flapper valve consists of 
two moving elements: (1) a nozzle posi 

tioned through a multiplying lever by a 
capsular spring actuated by the output 
pressure of the control instrument and 
(2) a baffle positioned by a linkage 
which multiplies the motion of the control 
valve stem. These “positions” of nozzle 
ind baffle refer to the “Valv-Precisor” 
case which is fixed to the control valve; 
their distance apart depends on (1) the 
position of the capsular spring (which in 





of 
spring in the control inst) 
(2) the position of the « 
disk Functionally, theret 


turn depends on. that 


rangement constitutes a hi 
plifving svstem. With lin! 
for normal miultiplicatior 
ments, a 1% hy steresis or fy 
vill bring into play (wher 
instrument sends the “comn 
change) a corrective forces 
The greater the hysteresis, 
the corrective force applied 
phragm—its limits being 
force in one direction and f 
pressure in the other directioy 
ufacturer claims that, in eo 
air-operated controller, with 
the “Valv-Precisor,” can p 
valve disk 50 times more accur 
opposed by valve-stem fricti 
phragm motor hy steresis thar 
device is not used. This devic 
mended on all processes whic 
lags or heat capacities demandi 
medium controller sensitivit 
that load changes are negligil 
quent. 


Automatic Reclose: 
Featuring an integrating 
vice for automatically reclosi 
d-c electrically operated brea 
ternating current systems, a 1 

operated timing recloser, “t 
nounced by the Westinghor 
& Mfg. Co., incorporates also 
mediate reclosure, anti-pumpi 
cumulative limit switch. Ho 
metal case with glass wind 
wide by 12” long and with re 
ed terminals, it is suitable for 
on any of the usual panel 1 
consists essentially of a 
motor-driven set of cams and 
contained auxiliary elements 
vide initial immediate or cd 
ure and several subsequent tir 
ures with reset if the breaker 
ind lockout if it fails to sta 
breakers with full automatic 


isms, initial immediate reclosur 


tained without the use of latcl 
or other auxiliary devices, a 
time for latching of the bre 
unism is inherently provided 


tion, there is provided an_ int 
lockout or cumulative limit swit 
can be set for any number ot 
closures up to a maximum of 
setting for any specific applic 
pends on the type of breaker 
short-circuit duty, and the ser 
cation. After this integrating 
has operated, the breaker is 
locked out of service for inspe 


whatever maintenance may be 











moti 


met 1 








Rectifier 


D ypment of a rectifier for use 
it agnetic chucks, ete. by Ward 


j | Electric Co., provides an eco 
means for obtaining rectified 
m 110-volt, 60-cycle service. 





rectifier tubes are 


full-wave 
ised in each of the four sizes that com 


Standard 


prise the present line covering a range 
from 42-120 up to 1800 watts. The new 
device does not take the place ot the 
maker’s other rectifiers 
5600 and 8600. 


such as Series 


Magnetic Contactors 


Radically different from conventional 
nti-arcing designs, the “Line-Are” mag 
etic contactor developed by ‘The Elec 
tric Controller & Mfg. Co. is distinguished 
mainly by “two-way” con 
trol of the are: (1) As the 
contacts start to sepa 
rate, the are is instan 
taneously transferred 
way from them by the 
blow-out magnetic field, 
ts inner end traveling 
rapidly up the evlindri 
cal copper guard over 
the blow-out coil and 
its outer end traveling in 
the opposite direction 
along a horizontal arcing 
plate. Both ends of the are 
thus being kept in rapid 
motion along these two relatively long 
metallic surfaces, no point on either of 
these surfaces or on the contacts them 
selves can reach the temperature of 
electronic emission. Thus, even when 
breaking ten or twelve times a 











second 





Instruments 


Jelf-repulsion principle 
whereby are, after leaving 
| Contact tips (not shown), 


| centers itself magnetically 








in sustained 275% overload endurance 
tests, the are continues to be quenched 
instead of fed. (2) While the arc, after 
removal from the contacts, is being 
stretched out and ruptured, it is con 
stantly and accurately kept centered be 


tween the parallel are 
repulsion of 
bodied in the shields (see diagram), the 
direction of are current being op 
posite to that in these two conductors 


shields by the 


two side conductors em 


flow 


This second control principle codperates 
with the first (stretch-out) 
the ends of the arc in motion, 
facturer states that (1) contact 
been 
minal parts should theoretically last in 
definitely. Manufacturer announces a 
complete line including 
800-amp. capacity, for use on mill, crane 


in keeping 
ind manu 
life has 
ind (2) are-ter 


vastly increased 


now ivailable 
machinery controllers and other d-c. ap 
plications. Structurally, the 
i strong aluminum alloy 


contactors 
are made of 
with magnetic parts of rolled steel; op 
ire designed for continuous 
operation on d-c 230 volts. 
Contacts are of cold drop-forged copper 
4 hardness.” In 
extraordinarily 


erating coils 
voltages of « 
“ot extreme operation, 
these new devices are 
quiet. 


125-Volt Circuit Breaker 
\ new 


outlet-box 


primary circuit) breaker for 
mounting, which 
ind overload protection for 


or d-c. circuits and can also 


provides 
short-circuit 
125-volt a-c 


be used as a switch control for branch 





innounced by the 


circuits has been Gen 
eral Electric Co. It eliminates inconven 
ience of rep! icing blown fuses, prevents 
user from fusing a circuit so that it can 
be over loaded to a capacity beyond its 
ability to carry the load safely, may bye 
standard square 


installed in a suitable 


outlet box with a raised cover and brass 


suitable for gang 


plate, ind is ilso 
mounting. 


Vehicle 
Ilome-made devices are 
necessary by the introduction of J. Thos 
Rhamstine’s fully-developed “Strombos” 
Tread Contactor and 


Tread Contactor 


rendered un 


ready-to-use ac 
cessories for 
audible or visi 
ble signals or 
for initiating 
such automatic 
operations a 














door ope ning, 
ete. Diagram 
consisting of 5-ft. 


hows set 
Tread 
Contactor, chime and 
transformer. Contactors 











proper consist of speci il 


ly shaped rubber strip enclosed in metal 
sheath and containing two conductors 


Weight of car closes circuit; weight of 


person does not. Height of tread being 
2”, jolt to vehicle is almost unnotice 
able. 


C329 Thermometal, 3 page 
leaf t comprehensis review 
ficat n I ! nd 

i} pl il } ft il 1 \ 
referen If ade n ed 3 th | 
Book of Thermoms: H. A. W 
Co., Newark, N J 

30 Binecular Microscopes, Lu tin 

D115, 16 pages llustrate th construc 
tion and d ! t) (i ty 
wide fleld bin i m 

is 1 | i h «& | Oy 





CTI r, 
C331 Power Selsyns, Bulletin Ghia 
177 illustrat the u 
uch i ns | 
hoist 1 nt ‘ 
rs, eley ind k driv ( 
Electric Co., Sehenectady, N. Y 
, B. » Colorim and Accessories. 
Bulletin | Ss ‘ ‘ t 
n tel ! t 
te ! mete 
Bau ! l b Opt l 
NN. 3 
C3 Attenuators 
equipment ! ‘ ind 
ment 1 
of the Teel Laborats 
Ave., Jel Cit N. J 
C334 Small Ajaxn-Northrup Electric 
Furnaces. Bulletin » ce ! | 
llust! t il 
naces and a 1 ! ree \ 
Klectrother! Corp., Trent 
C335 Selving Industrial Crimes, Case 
No. S lu tt the | f 
recordet ! i 
age batte I int | te Ay ( 
Ind i} Ind 
( International Atomic Weights 
I H ent & Ce | t 
} 
{ 
, ah \ 
\W | } 
t 
if t! 
’ ’ t 
‘ 7 Super-sensitive Control, 
tir N a) ( | ‘ ‘ 
1 { 
( , 
{ 
Cash ( ry ©. Box 1 ay 
Claes Pliability Comparator. 
1 * 4 ‘ id a 
hilit teat 1a 
truet ! nad t 
Taber pliabilit 
Taber, North Tonawand 
C339 Klectrica Mensuring Instru 
ments, (Cat l . ‘ 1 
nde , | 
{ 1, | 
i t« 
market Tt | 
| nted I 
mal it ' t { 
nforr t ! VW ! I t It 
ment Corp., Ne r} N J 
Cl10) Potentiometer Controllers, ‘This 
Foxboro Compa! Koxbor M ! 
i ! ar ) I 
oe r t} } t 
tiomet 1 { } 
contr ) { 
the T } 
I> e Unit 
(341 New Wide-Strip Pyrometer. 
l letir No ’ trat 1 ' 
t j fi. t ‘ of t) 
! T) 
rod | t ( 
\\ i 
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Prices of these Gaging System Sets start as low «5 


Johansson Division o 


modern toolroom inspect oy 


ealls for greater accuracy —faster methods. ' 


provide both by using 


OMANSSON 


GAGE BLOCKS AND ACCESSORIES 


$175. Write for catalog. 


COMPANY 
Dearborn, Michigan 


FORD MOTOR 
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Air Conditioning 


FAN CONTROL SWITCHES 
AND 





DETROIT|UBRICATOR COMPANY 








AN control switches actuated 
by Chace Thermostatic Bimetal 
automatically start and stop the 
fan. The furnace control automati- 
cally governs the heat. Wher 
CHACE automatic heat control is desired 
you will always find Chace Ther- 
HERMoSTAT| mostatic Bimetal absolutely de- 
BIMETAL pendable. 
% cok 


Obtainable in sheets, strips, and 


Tae ith te SE formed to specifications. 
W.M.CHACE VALVE CO. 


1609 Beard Avenue ++ + Detroit Mich 
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Stop guessing? 








Dimensions: 1 


514” long, 
9” wide and 12!1%4 


4" high. 


This new instrument records 
twelve separate operations — 


simultaneously 





With the Autelco Multiple Pen Recorder you can 
find out exactly what is happening in your plant. It 
takes all guesswork out of studies of every type by 
NY recording, simultaneously, twelve separate curves on 
the same paper chart, The curves are recorded in 
etal ink by twelve pens individually controlled by small, 
the compact magnets operated electrically. 
This new instrument can make permanent record 
red of a tremendously broad range of operations and 
conditions; in short, of anything which can be made 
to close an electrical circuit. The electro-magnetic 
ind pens are light in weight and so instantaneous in 
operation that events occurring at intervals of even 
less than one-tenth of a second are accurately 
plotted. Factories, power plants, substations, labo- 
ratories—in fact, every industry will find numberless 
uses for this data-recording device to help cut down 


waste motion and improve efficiency. 


Catalog Z057, just issued, describes 
the Autelco Multiple Pen Recorder in 
complete detail. Send for it—TODAY! 


AMERICAN AUTOMATIC 
ELECTRIC SALES COMPANY 


1033 West Van Buren Street, Chicago 


Distributor for Products of 


AUTOMATIC ELECTRIC COMPANY 




















TO OPERATE 


DIRECT CURRENT 
EQUIPMENT 


¢ 

Focus Ward Leonard Controlled Rectifiers, without 
moving parts, offer a most economical means of provid- 
ing direct current from alternating current supply. They 
operate with little electrical and no mechanical loss. They 
require no maintenance. Here is the device you have 
been looking for to operate your DC equipment from 
AC current where 
voltage control is 
a factor. Send for 


particulars. 





SEND FOR DESCRIPTIVE BULLETIA 
Bulletin 8601 descrthes the Ward Leonara 
Controlled Rectther, gives cffictenctes 


er technica data Send for a 


WARD LEONARD 


RELAYS + RESISTORS +» RHEOSTATS 


WARD LEONARD ELECTRIC CO. 
38 South Street, Mount Vernon, N. Y. 


/ 


adilad 


Please send me your bulletin No. 8601. 
Vame 

Company 

Street 


City and State 
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AIR METERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
ALTIMETERS 
J. P. Friez & Sons, Inc 
General Electric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
AMMETERS—Indicating 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 


Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
Recording 

Bristol Company 

Brown Instrument Co 


General Electric Co 
Pioneer Instrument Co 
Roller-Smith Co 
Westing! ‘ 
ANEMOMETERS 
Bristol Company 
4.P Frie & Sons, Inc 
Taylor Instrument 


a nf ton 


& M.Co 


Cos 


ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 


ATTENUATION NET- 
WORKS 


General Radio Company 
Ward Leonard Elec. Co 
AUDIO-FREQUENCY 
OSCILLATORS 


General Radio Company 
BALANCES 
Roller-Smith Co 


BALANCING MACHINES 





General Electric Co 
SASOMETERS 

Bristol mpany 

J.P rr % & Sons, Ine 

Gaeriner Scientific ¢ orp 

Taylor Instrument Cos 


oS eay aed a RS 
c Electric Cx 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst Corp 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines, Inc, 


BIMETAL ELEMENTS 
W. M. Chace Valve Co 
BOARDS: INSTRUMENT 


Bailey Meter Co 
Bristol Co 
Brown inetrume 
Foxboro C ee 
Taylor pm nt Cos 
Thwing Instrument C (i) 
West inghy ouse EF. & M.Co 
BOILER METERS 
American Meter Co. 
Bolte y Meter Co 
seorge Sydney Binckle 
BRAKE oe ING e 
METER 
. Rawson K 4 Inst. Co 
RIDGES. ELECTRIC 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone Percent 
General Electric Co. 
General Radio Co 
Roller-Smith Co. 
Shallcross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CALORIMETERS 
American Meter Co 
Gaertner Scientific C orp. 
CAPACITANCE METERS 
General Electrie Co. 
General Radio Co. 
Roller-Smith Co 


Weston Elec. Inst Corp. 
CARBON DIOXIDE 
METERS 


Brown Instrument Co. 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp. 
CENTER POINTS 
Ford Motor Co 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp. 
UYeneral Electric Co 
General Radio Co 









INS 


Page A6 — Vol. 


TRUMENTS 
8 


CLINOMETERS 
CLOCKS—Gage Board 
Brown Instrument Co 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 
coILs 
Resistance, Inductance, 
Special 
Automatic Electric ¢ 
General! Electric Co 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Ward Leonard Elec. Co. 
Westinghouse E.& M.Co 
COIL TESTING EQUIP- 
MENTS 
Automatic Electric Co 
General Electric Co. 
Kurman Electric Co 
Roller-Smith Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co. 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristo] Company 
Brown Instrument Co 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
rena sag tare gh 
ito Electr 
neta Rac lio ¢ cae 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co 
COMPASSES 
Pioneer Instrument Co 
Taylor Instrument Cos 
a pe RS—Electrical 
Electric Co 
General Electric Co. 
General Radio Co 
Westinghouse E.& M.Co 
CONDUCTIVITY METERS 
indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Ont. Co 
CONTROLS, AUTOMATIC 
Air Conditioning 


Powers Regulator Co 
Air Velocity 

Powers Regulator Co 
Combustion 

Sailey Meter Co 
Condensation 


Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co 
— 
tomatic Electric Co 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Flow 
American Meter Co. 
Bailey Meter Co 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxbero Co. 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos 
Wilbin Instrument Co 
Lighting 
Westinghouse E 
Weston Elec 
Liquid Level 
American Meter Co 
Bailey Meter Co 


&M.Co 
Inst. Corp 


Bristol Company 
Brown Instrument Co 
Foxboro Co 
é. PF. 
Pioneer Instrument Co 
Powe ilator Co 
Taylor Ins trument Cos. 
Moisture-content 
Powers Regulator Co 
Pressure & Vacuum 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Continental Elec. Co. 
Foxboro Co 
Pioneer Instrument Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Pyrometer 
Bailey Meter Co. 
Bristol Company 
srown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Rate- Volume 
American Meter Co. 
Foxboro Co 
Refrigeration 
Br | Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Specific Gravity 
tailey Meter Co. 
Tachometer 
Sailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co 
Westinghouse E 
Weston Elec. Inst 
Temperature-Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Anacnasrg Instrument Co. 
ers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 

P. Friez & Sons, Inc 
Powers Regulator Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 

Thermostat 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Powers Regulator Co 
Taylor Instrument Cos 
iwing Instrument Co. 
Wilbin Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Continental Elec. Co. 
Foxboro Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
Valve—Motor - Operated 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Voltage A. C. 
Ward Leonard Elec. Co. 
Water Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
COUNTERS—Electric 
Automatic Electric Co 
COUNTERS—Magnetic 
Automatic Electric Co 
Thwing Instrument Co. 
Production 
Automatic 





Electric Co 


Friez & Sons, Inc. 


& M.Co 
Corp. 


Revolution 
\ Electric ¢ 
Bristol ( company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 
Bristol Company 
CYCLE COUNTERS 
General Radio Co. 
Vestinghouse E.& M.Co 
Taylor Instrument Cos. 
DAMPERS 
Powe Regulator ¢ 
DEMAND METERS 
Gas 
Foxboro Co 
Electric: Indicating, 
cording, Printing 
— al Electric Co. 
f nghouse E.& M.Co 
DIMMERS 
Ward Leonard Elec. Co. 
DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co. 
Weston Elec. Inst. Corp. 
EARTH CURRENT 
METERS 
Rawson Elec. Inst. Co 
Roller-Smith Co 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE 
FILTER SECTIONS 
General Radio Company 
ELECTRONIC METERS 
Genera! Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Westinghouse E.& M.Co 
FAULT FINDERS 
Roller-Smith Co 
Weston Elec. Inst. Corp 
FIELD RHEOSTATS 
Ward Leonard Elec. Co 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos. 
FLOW METERS 
indicating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pieneer Instrument Co. 
Taylor Instrument Cos. 
Indieating & Recording 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Integrating & Recording 
American Meter Co 
Taylor Instrument Cos. 
FLUE GAS ANALYZERS 
Brown Instrument Co 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FOLDING. ENDURANCE 
TESTERS 
Testing Machines, Inc. 
FOOT-CANDLE METERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
FREENESS TESTERS 
Testing Machines, Inc. 


Re- 


Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Drill 
Bausch & Lomb Opt. Co. 
Flow 
American Meter Co, 
Bailey Meter Uo. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Taylor instrument Cos. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pieneer Instrument Co. 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 
Pressure- Temperature 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Pressure & Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Rain 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Recording—Distance 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Strain 
Gener 
Vacuum 
Continental Elec. Co. 
General Electric Co 
raylor Instrument 
Volume 
American Meter Co 
trown Instrument Co. 
Foxboro Co 
Wind 
Bristol Company 
Brown Instrument Co 
1 P. Friez & Sons. Inc 
Taylor Instrument Cos. 


il Electric Co 


ACCESSORIES 
Ford Motor Co 
GALVANOMETERS 
American Meter Co. 
Brown Instrument Co, 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Mirrors 
Fish-Schurman Corp. 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co. 





HIGH V E 


Rolle 


Weston 

Testing De 
General 
West 

HOUR CO ERS 
Westir 


Weston 
HUMIDITY N 
TROLL 


Taylor I 

Wilbin fr n 
HUMIDITY ORDERS 
Wet & Dry £ 





HYGROMETE ’ Excey 
Brown Ir 


Taylor Ir 
ILLUMINOMETERS 
Vesting 
Weston } 
INDICATORS—See Gages 
INDUCTANCES 
General R 
INSTRUMENT CALIBRA 
TION AND REF 
Pp. Pr . 
Rawson | 
Roller-S 
Weston f 
INSTRUMENT 
FORMERS 
General | 
Roller-Sr ( 
Westing 
Weston |} 
Split Core 
Roller-Sr 
Westing! eM 
INSULATION TESTING 
EQUIPMENT 
General } 
Roller-Smith ¢ 
West ir eM 
INTERFEROMETERS 
Gaertner S ! _ 
KEYS AND SWITCHES 
Autor t ] ( 
General Radio ( 
LABORATORY APPARATUS 
Fish-Schurman Corp 
LABORATORY RHEO- 
STATS 


The 


1211 Wrig 
Ave! 







TRANS 



































General Radio Company 

Ward Leonard Elec Co 
LACTOMETERS 

Taylor Instrument Cos 













Fuses 


H 














FREQUENCY METERS 
Indicating 
General Electric Co. 
Roller-Smith Co. 
Westinghouse E. & M.Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
General Electric Co. 
Westinghouse E. & M.Co. 
Standards 
General Radio Co. 
FRITTED GLASS 
Fish-Schurman Corp. 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Continental Elec. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


Ange ision made Instrument Fuses—Auto 
Voltage, Aircraft, Neon Potential Fu 
dicators. New Type Mounting! Catalog re dy. Write 
LITTELFUSE LABORATORIES | 
4250 Lincoln Ave. Chicago, IIlinois 
GAS FLOW INDICATORS LENSES . 
American Meter Co. Bausch & I Opt. ¢ 
George Sidney Binckley LEVELS 


GAS LEAK INDICATORS 


Taylor Instrument Cos. 


GAS-METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrufment Co. 
Foxboro Co. 
Dry Test 
American Meter Co. 
West Test 
American Meter Co. 
GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos, 
Pump 
Bailey Meter Co. 
Taylor Instrument Cos. 
GRAVITOMETERS 
American Meter Co. 
George Sidney Binckley 
Thwing Instrument Co. 
GROUND DETECTORS 
Roller-Smith Co 
Weston Elee Inst. Corp. 
HARDNESS TESTERS 


Testing Machines, Inc. 











Engineer's, Wye, Precision, 

Prism : 
Taylor Instrument Cos. 

LIGHT SOURCES 

















Fish-Schurt Corp 
Westing! &M 
LIQUID LEVEL 
RECORDERS 
American Meter C0. 
Bailey Meter ; 
George Sidr Binckley 





Bristol Con y 










Brown Instr nt CO 
Foxboro Co 

J. P. Friez & Sons, Ine 
Pioneer In ent CO 
Taylor Inst: nt Cos 






MAGNETIC IN SPECTOR 
Kurman El: 

a th REL ays 
’ Friez & Sons, Inc 
Rta E! ( 
Roller-Sm 
Ward Leon 

MAGNETOME 
Roiler-8mi 

MANOMETE! 
Bailey Met 
George Sid: 
Bristol Cor 
Brown Inst 
Forboro C 











ERS 
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ECORDERs 


TERS 


See Gages 
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Company 
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‘COMPARATORS 





M 1185 
Available in ranges of 25mm, 50mm and 100mm, or 1 in 


and 4 in., reading to .00lmm or .OOOOS5 in. respe 


Exceptionally sturdy in construction. May be set either 
ertically, or inclined to meet various conditions. All deli 
irts are fully enclosed. 


ile 


Details on request 


The Gaertner Scientific Corp. 
Kf 





Chicago, Illinois 
y) U.S. A. 


1211 Wrightwood 
Avenue 











Keys | 
dabil-_ mH 
ity. The fact that more bd a * 


instruments are s@id 4 


way of telling you 
able they are. 


FEDERAL P 


1144 EDDY STRE 

Detroit * Chicago » Mu 
Complete line of indicators and gauges 
shown in catalog No. 36. Send for it. 





MEASUREMENTS CORRECT 10 
1" OF ARC 


Holding limits of tolerance correct to one minute of ar 
in angular measurements and .0001” in lateral measure 
ments is an achievement which can be attained only with 
the aid of an optical instrument such as the B & L Di 
mensioning Microscope. 

Me chanical i ngineers, toolmake rs and mechanics in 
general are using this instrument for inspecting and 


! 
| 


measuring an infinite variety of small, precise, mechani 
cal parts. 

Comple te details on the Dimensioning Micros¢ ope and 
other instruments for the Metals Industries will gl idly 
be sent on request. Write to Bausch & Lomb Optical 


Co., O15 St. Paul Street, Rocheste - N. y 


BauschsLomb 
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MASTER CLOCKS 
Gaertner Scientific Corp. 
Genera! Electric Co. 

MEGOHMMETERS 
Genera! Radio Co. 
Roller-Smith Co. 

MEGOHM VOLTMETERS 
Roller-Smith Co 
Weston Elec. Inst. Corp. 

MICROAMMETERS 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 

MICROFARADMETERS 
General Radio Co. 
Roller-Smith Co. 

Weston Elec. Inst. Corp 

MICROMETERS 
Gaertner Scientific Corp 
Testing Machines, Inc. 

MICROSCOPES 

Biological 
Bausch & Lomb Opt. Co. 

Brinell 
Gaertner Scientific Corp. 
Testing Machines, Inco. 

Measuring 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 

Motallographic 
Bausch & Lomb Opt. Co. 

Petrographical 
Bausch & Lomb Opt. Co. 

MICROTOMES 
Bausch & Lomb Opt. Co. 

MILLIAMMETERS 
Bristol] Company 
Genera! Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 

MILLIVOLTMETERS 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 

Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 

MIRRORS 
Bausch & Lomb Opt. Co. 

MODULATION METERS 
General Radio Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 

MOISTURE METERS 

MOTION RECORDERS 

Mechanical 
Bristol C ompany 
Foxboro Co. 

MOTOR-GENERATORS 
Holtzer-Cabot Eles. @o. 
Westinghouse E.& M.Co. 

MOTORS 

Special Fractional HP 
Holtzer-Cabot Eleo. Co. 
Westinghouse E.& M.Co. 

Synchronous 
Holtzer-Cabot Elec. Co. 
Westinghouse E.& M.Co 

as fy STARTERS 

. P. Friez & Sons, Inc. 
Bolles Smith Co. 
Ward Leonard Eles. Co. 
Westinghouse E.& M.Co 

MULTIMETERS 
Rawson Elec. Inst. Co. 
Shallcross Mfg. Co. 

MULTIPLE PEN 

RECORDERS 
Automat Electric Co. 
Bristol © ompany 
Foxboro Co 

MULTIPLIERS 
General Electric Co. 
Roller-Smith Co. 

Weston Elec. Inst. Corp. 

NOISE MEASURING 

SETS 


General Radio Co. 
Stinghouse E.& M.Co. 
OHMMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst Corp. 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, Inc 
General Electrie Co 
Taylor Instrument Cos 
Westinghouse E.& M.Co 
pa rao RECORDERS 
ectric ¢ 
; P. Friez & Sons, Inc, 
Roller Smith Co 
Electrical 
Bristol Company 
Brown Instrument Co 
Foxboro (<« 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
OPTICAL FILTERS 
Fish-Schurman Corp 
OPTICAL GLASS 
Fish-Schurman Corp 


OPTICAL PARTS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp 
ORIFICE METERS 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
integrating 
American Meter Co 
Taylor Instrument Cos. 
ORIFICES, ADJUSTABLE 
American Meter Co. 
Bailey Meter Co. 
OSCILLATORS 
General Radio Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
OSCILLOGRAPHS 
General Electric Co. 
General Radio Co 
Westinghouse E.& M.Co 
Automatic 
General Electric Co 
Westinghouse E. & M.Co. 
Cathode Ray 
General Electric Co. 
General Radio Co 
Westinghouse E.& M.Co 
PANTOGRAPHS 
Gaertner Scientific Corp. 
PERISCOPES 
Gaertner Scientific Corp. 
PERMEAMETERS 
General Electric Co 
PHOTO-ELECTRIC CELLS 
Continental Elec. Co. 
General Electric Co. 
Kurman Electric Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
Thwing Instrument Co. 
Westinghouse FE. & M.Co 
PHOTO-ELECTRIC 
COLOR COM. 
PARATORS 
General Electric Co. 
Thwing Instrument Co 
Westinghouse E.& M.Co. 
PHOTOGRAPHIC EXPOS- 
URE METERS 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
PHOTOMETERS 
Rausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
PHOTO-MICROGRAPHIC 
EQUIPMENT 
Bausch & Lamb Opt. Co. 
PITOT TUBE METERS 
George Sidnev Binckley 
Brown Instrument Co. 
Foxboro Co 
J.P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
PLANIMETERS 
Automatic Fiow Record 
Brown Instrument Co 
Foxboro Co 
Linear 
Brown Instrument Co. 
Radial 
Bailey Meter Co. 
Bristol Company 
Foxboro Co. 
Square Root 
George Sidney Binckley 
Foxhoro Co 
PLUGS & JACKS 
Automatic Electric Co 
POLARISCOPES 
Gaertner Scientific Corp. 
POSITION RECORDERS 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Taylor Instrument Cos. 
POTENTIOMETERS— 
Indicating 
Brown Instrument Co. 
General Electric Co 
Thwing Instrument Co 
Westinghouse E.& M.Co. 
Recording & Controlling 
Brown Instrument Co. 
Thwing Instrument Co. 
POWER FACTOR METERS 
General Electric Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp 
PRESSURE RECORDERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
PRISMS 
Gaertner Scientific Corp. 
PROCESS TIMING & 
SIGNALING IN- 
eee 
tomatic Electric ¢ 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Powers Regulator Co 
Taylor Instrument Cos. 


PROVERS 

American Meter Co. 
ree 
Recording 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 
Sling 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 


PYROMETERS 
Optical 
Pyrometer Instrument Co 
Radiation 
Indicating 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Recording 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Thermo-electrie 
immersion 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pyrometer Instrument Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Indicating 
Bristol] Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co 
Wilbin Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co. 
RADIATION TUBES 
Pyrometer Instrument Co. 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANELS 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
Weston Elec. Inst. Corp. 
RECTIFIERS 
Automatic Electric Co 
REGULATORS—See 
Controls 
RELAYS 
-C. 
Automatic Electric Co 
Electric 
Automatic Electric Co 
J. P. Friez & Sons, Inc. 
General Electric Co 
Kurman Electric Co. 
Roller-Smith Co 
Ward-Leonard Elec. Co. 
Westinghouse E. & M.Co. 
Weston Elec. Inst. Corp. 
Light Sensitive 
Kurman Electric Co. 
Roller-Smith Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Pneumatic 
Powers Regulator Co. 
REMOTE CONTROL 
peels mg 
Automat ctric Co 
iat IMETERING 
EQU ENT 
Ph nay Electric Co 
American Meter Co. 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
General Electric Co 
Pioneer Instrument Co 
Westinghouse E.& M.Co. 
RESISTORS 
Automatic Electric Co 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co. 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co. 
RETICLES 
Fish-Schurman Corp. 
RHEOSTATS 
General Radio Company 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co. 
SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Gaertner Scientific Corp. 
Basis Weight 
Testing Machines, Inc 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co. 





Claud 8, 





X-RAY INSPECTED « Pyrometer Tubes 


Gordon Co., Chicago — Cleveland — Indianapolis 
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SHUNT METERS 
Bristol Company 
Roller-Smith Co. 
SCRIBERS 
Ford Motor Co. 
SHUNTS 
Genera! Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 
Automatic 
Automatic Electric Co 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co, 
SINE BARS 
Ford Motor Co 
SMOKE ALARMS 
Weston Elec. Inst. Corp. 
SPECIAL COILS 
Automatic Electric Co 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
General Electric Co 
General Radio Co 
Kurman Electric Co 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 
Westinghouse FE.& M.Co 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 
J. P. Friez & Sons, Inc. 
Roller-Smith Co 
Thwing Instrument Co. 
SPECTROGRAPHS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp, 
SPECTROMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Thwing Instrument Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STRAIGHT EDGES 
Ford Motor Co. 
STRAIN GAGES 
General Electric Co. 
STROBOSCOPES 
General Radio Co. 
Westinghouse E.& M.Co. 
SUNSHINE RECORDERS 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
Westinghouse E.& M.Co. 
SWITCHES, VACUUM 
Continental Elec. Co. 
SYNCHRONOSCOPES 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co. 
SYNCHRONOUS MOTORS 
General Electric Co. 
Pioneer Instrument Co 
Westinghouse E. & M.Co. 
TACHOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 
Thwing Instrument Co 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co. 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
TESTING MACHINES 
Testing Machines, Inc. 
Thwing Instrument Co. 
Bending 
Testing Machines, Inc. 
Hardness 
Testing Machines, Inc. 
Impact 
Testing Machines, Inc 
Impact (very light load) 
Testing Machines, Inc. 
Thwing Instrument Co. 
Magnetic 
Kurman Electric Co. 
Paper 
Testing Machines, Inc. 
Thwing Instrument Co 
Westinghouse E.& M.Co. 
Penetration 
Thwing Instrument Co 
Stiffness & Bending 
Testing Machines, Inc 
Thwing Instrument Co. 


Stretch 
Testing Machines, Inc. 
Thwing Instrument Co. 
Tearing 
Testing Machines, Inc 
Thwing Instrument Co. 
Tensiie (very light load) 
Testing Machines, Inc. 
Thwing Instrument Co. 
Universal 
Testing Machines, Inc. 
THERMIONIC RECTI- 
FIERS 


General Electric Co 
Westinghouse E.& M.Co. 
THERMO-JUNCTIONS 
(Electric) 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Wilbin Instrument Co 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp 
THERMOMETERS 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Gas Filled 
Foxboro Co 
Taylor Instrument Cos. 
Mechanical 
Brown Instrument Co. 
Foxboro Co 
Powers Regulator Co. 
Mercurial 
Bristol Company 
J. P. Friez & Sens, Inc. 
Taylor Instrument Cos. 
Resistance 
Brown Instrument Co. 
Foxboro Co 
Thwing Instrument Co. 
Vaper-Tension 
Bristo] Company 
Brown Instrument Co 
Foxboro Co 
Powers Regulator Co 
Taylor Instrument Cos. 
Wet & Dry Bulb 
Bristol Company 
Browp Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
THERMOSTATIC 
BIMETAL 
W. M. Chace Valve Co. 
THERMOSTATIC 
MIXING VALVES 
Powers Regulator Co 
TIME METERS 
General Electric Co 
Westinghouse E. & M.Co. 
Weston Elec. Inst. Corp. 
TIME OPERATION 
RECORDERS 
Automatic Electric Co 
Bristol Company 
Foxboro Co 
J. P. Friez & Sons, Inc. 
TIME RECORDERS 
Automatie Electric Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Gaertner Scientific Corp. 
TIME SWITCHES 
Genera! Electric Co 
Westinghouse E.& M.Co. 
TIMERS 
Rawson Elec. Inst. Co. 
TIMING DEVICES 
General Electric Co. 
TOTALIZING 
INSTRUMENTS 
American Meter Co 
General Electric Co 
Westinghouse E.& M.Co. 
TOTALIZING RELAYS 
Electric 
yeneral Electric Co. 
TRAM POINTS 
Ford Motor Co 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
General Electric Co. 
General Radio Co 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
TRANSITS 
Pocket 
Taylor Instrument Cos. 
TUNING FORKS— 
Electrically Driven 
Gaertner Scientific Corp. 
General Electric Co. 
General Radio Co. 
TURBIDIMETERS 
Bausch & Lomb Opt. Co. 
U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co 
Taylor Instrument Cos. 
VACUUM RECORDERS 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 


Amer 


Bristol! 


Differentia 
America er 
Electrically Operateg 


Wilbin Ir 
Mixing 

Powe 
Motor Operated 


Pressu e Reli ef 
Americ er 
Powe rk 

Proportional Air-Gas 
American M ( 

Reducing 
Sailey M 
Owe 


Taylor Ir 
Regulating 

American Meter 

Bailey M ( 


Taylor Ir 1 ‘ 
Wilbin Ir ment ( 
VENTURI METERS 
sailey Meter ¢ 
George Sidney Binckly 
Brown | — trument 





VISCOSIMETERS | 
George Sidney Binckley 
J. P. F , & Sons, In 
Taylor Jr nent Cos 


VOLTAGE DIVIDERS 
General Radio ¢ 
Ward Leonard Elec. ( 

VOLT-AMMETERS 
General Electric Co. 
Roller-Smith ¢ 
Westing! e E.& M. 
Weston Elec. Inst. Corp 

VOLTMETERS 

Electrostatic 
General Electric Co 
Rawson Elec. Inst 
Roller-Smith ¢ 
Westing! E.&M 

Indicating 
General F 
General R 
Rawson I 
Roller-Smith ‘ 
Westing! E.&% 
Weston | Ir f 

Recording 
Bristol C< ny 
General FE 


Thermionic Rectifier 
General R ( 
WATER METERS 
Bailey M 
George § 
Brown Ir 
Foxboro ( 
WATTHOUR METERS 
General ! : 
Westing x 
WATTMETERS 
Indicating 
General | 
Rawson |! 
Roller Sr 


Recording 
Bristol ( 
General 
Roller-S 
Westing “ 
WAVEMET 
yenera 
X-RAY SPE 
Bausch & 
Jaertne 


ROMETERS 
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FOR RESEARCH 
and STANDARDIZING 
LABORATORIES 


PRECISION ELECTRICAL 
MEASURING INSTRUMENTS 


5 


DIRECT CURRENT 
POTENTIOMETERS 
AND BRIDGES 


od 


Other instruments, custom 
built, to meet the requirements 
of the exacting investigator. 


BY THE MAKERS OF EPPLEY STANDARD CE 


THE EPPLEY LABORATORY, INC. 


NEWPORT, &.t 








Laboratory Power Supply 





bea a a ee 
KF YR general Laboratory use this high-voltage d-« 


power supply offers many advantages. It deliv 
ers 1,500 volts at 150 ma. The output voltage is 
continuously adjustable from 50 to 2,000 volts by 
means of a large knob on the panel. The output 
voltage is essentially independent of load up to the 
full load rating of the supply. Both output voltage 
and current are read on meters on the panel. 
The instrument is suitable for either table o 
relay-rack mounting. 


Type 673-A Power Supply .. . $180.00 
(IN U. S. AND CANADA) 


Write For Circular P-126-I For Complete Details 


GENERAL RADIO COMPANY 


Cambridge, Massachusetts 














Send NOW 


For Your Copy of 


Roller - Smith 
Catalog J-123-9 


Covering Six Different 
Kinds of 


RESISTANCE 
MEASURING 
INSTRUMENTS 





“Type COM Ohmmeter” 


The line comprises instruments for measuring r 
sistance over a range of .02 to 2 million ohms, also 
for making continuity tests and for checking the 


conductivity of rail bonds. 


ROLLER-SMITH COMPAN 


Electrical Measuring and Protective Apparatus 
MAIN OFFICE WORKS 
2132 Woolworth Bidg., New York Bethlehem, Pa 
SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 
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Outstanding Performance With the New 
Type 148 Cathode Ray Oscillograph 


® BASICAL 
LY NEW SWEEP 


@ IMPROVED 
SYNCHRONIZING 
CIRCUIT 


®@ CASCADE 
AMPLIFIER 


List price with 3” tube . $94.50 
List price with 5” tube...#106.50 


@ SINGLE KNOB 


@ PATENTED CALIBRATED SCALE 5 Inch Du Mont 


@ COMPLETELY AC 


Write for complete specifications 
on this oscillograph. 


ALLEN B. DU MONT LABORATORIES 
UPPER MONTCLAIR, N. J. 
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REVIEW OF SCIENTIFIC 
INSTRUMENTS 


with 
Physics News and Views 


F. K. RICHTMYER, Editor 


Published monthly by the American Institute of 
Physics in collaboration with the Optical Society of 
America and the Association of Scientific Apparatus 
Makers of America. 

Subscription price: The United States and possessions, 
Canada and Mexico, $3.00 per year; foreign, $3.50. 
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PLEADING BROADCASTING STATIONS... 


One of the eight NBC Studios, Chicago 


where Both Artists and Broadcasts 
MUST be at their Best 


radio time costing thousands of dollars an hour 
by critical sponsors to please equally critical 
lences—the condition of the air in which enter- 
s, musicians, and announcers work, must be as 
y perfect as modern science can make it. 


thout dependable air conditioning control equip- 
ta broadcasting studio might be a sweat box one 
vie and a refrigerator the next—increasing nose 
throat irritations, and the objectionable noises of 
phing and sneezing. 


sensitive must the automatic control be that it 
nstantly adjust the air conditioning system in 
nidance with the constantly changing number of 
lormers, orchestra and audience. 


periority of Pneumatic System of Control 


over, in Control Rooms, Transmitter Stations and 
adcasting studios it is important that the air con- 
oning control equipment have no sparking contacts, 
gnetic or electric fields to interfere with the sensitive 
j0 circuits and apparatus. 


A'l of the above requirements are completely met 
the Powers System of Pneumatic Control. Being 
seless, and employing the dependable motive power 
compressed air, it is ideally suited to give the very 
control obtainable for broadcasting stations. 

he Powers Regulator Company, 2720 Greenview 
venue, Chicago; 231 East 46th Street, New York; 
N83 W. 8th Street, Los Angeles; and 106 Lombard 


eet, Toronto, Ontario. 


45 Years of Specialization in 
perature and Humidity Control—O ffices in 43 Cities 












Above, at left, Antenna tower of WLW, one of the 
world’s highest structures, 831 feet. 


. «where the demand is for 
the best that money will buy 
you will find Powers Air Con- 
ditioning Control Equipment 


8 NBC Studios in Chicago; also NBC Studios in Los 
Angeles, Air Conditioning by CARRIER ENGINEERING CORP 
Powers air conditioning control equipment is used here as well 
as in the following prominent stations: 


WLW—Cincinnati, world’s most powerful commercial 
station, Air Conditioning by CARRIER ENGINEERING CORP 


Radio City Music Hall, Broadcasting Studio, New 
York City, Consulting Engineer: CLyDE R. PLACE; Air Con 
ditioning Contractor: CARRIER ENGINEERING CORP 


WCAU — Philadelphia, Consulting Engineer: CHARLES S 
LEOPOLD; Air Conditioning Contractor: CARRIER ENGINEER 
ING Corp. 


KYW —Philadelphia, Consulting Engineer: CHARLES S 
LEOPOLD; Air Conditioning Contractor: MEHRING & HAN 
SON COMPANY. 


WiIP—Philadelphia, Architects: SILVERMAN & Levy; Con 
sulting Engineer: CHARLES S. LEOPOLD; Air Conditioning 
Contractor: Frigidaire Representatives, J. J. Pocock, IN« 


WWJ—Detroit News, Consulting Engineer: ALBERT KAHN 
INc.; Air Conditioning by CLARAGE FAN CO 


KMBC — Kansas City, Mo., Consulting Engineer: W. 
GILHAM; Contractors: U. S. ENGINEERING CO 


KGW — Portland, Ore., Architects: CLAUSSEN & CLAUS 
SEN; Contractors: URBAN PLUMBING & HEATING CO 


Columbia Broadcasting Studios, New York, Air Con 
ditioning by CARRIER ENGINEERING CORP. and NATIONAL 
Aik CONDITIONING CO 

















At right, Control room; NBC, Chicago; for distributing 
programs to station networks. 





















, me most notable advance in years in pyrometer con- 
struction, this new Bristol’s Wide-Strip Potentiometer 
l’yrometer reflects throughout the touch of master crafts- 
manship. From the handsome lustrous case designed by 
one of the country’s foremost industrial artists to the 
super-sensitive yet heavy duty galvanometer of Weston 
precision, quality prevails. 

This latest achievement by the pioneer builders of 
pyrometers sets a new standard in the art of high tem- 
perature measurement by the potentiometer method. It 
possesses a surprisingly simple mechanism,—for measur- 
ing, balancing and recording. Although of fine accuracy, 

it welcomes hard service. 
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Little care is needed as all principal shafts are e 
with ball bearings. Because the recording pen a 
wire contact are mounted integrally, and sinc 
clutches and ratchets are not used, back lash 
motion are eliminated. Simplicity throughout ass 
life with a minimum of service. 

WIbE-STRIP 
CHALLENGES Comparison. Its unique method of 


BRISTOL'S POTENTIOMETER Py! 
ing emf balance and of magnifying scarcely pe! 
deflections, its speed of response, AUTOMATIC STA 
ING, the unusually wide chart, and extra large i 
scale, all deserve your closest attention. 

Catalog No. 1450 contains the details you 
interested in. Write for a copy. 
WATERBURY . CON NEC 
Los Angeles - New York « Philadelphia - 
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